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EDISWAN 
Stabilised Power Supply Units 


Ediswan Unit. Type R.1095 covers the 
range 120-250 volts, and type R.1!03 
250-400 volts. Both units work from 
A.C. mains supply and are designed 
for standard 19” rack mounting or for 
bench use. Meters are included. 
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Staffs of Electrical and Electronic 
Laboratories and Test Rooms frequently 
design and construct their own units for 
supplying stabilised D.C. power; but 
for most general needs it is cheaper 
and more satisfactory to purchase an 
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PRICES 
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R.1103 £57- 0-0 
Full details on request 








BRIEF SPECIFICATIONS 
Type R.1095 


Input. 200-250 volts, 40-100 c.p.s. 
Output. High stability, D.C. output 120-250 volts at 0-50 mA 
and an unstabilised 6.3v. A.C. 3 amp. heater supply. 
Stability. A 10v. change in mains input results in an outpyt 
change of less than 0.15 volts. 
A change from zero to full load results in an 
output change of less than 0.15 volts. 


Output Resistance. 
Ripple. 
Output Circuits. 


Mounting. 


Input. 
Output. 


Stability. 


Output Resistance. 
Ripple. 
Output Circuits. 


Mounting. 


Less than 2 ohms. 

Approximately 2mV R.M.S. 

All circuits isolated from earth. Heater supply cas 
be operated at up to 500 volts from earth. 

The unit is designed for standard rack mounting 
or for bench use. Plated bench stands are 
available if required. 


Type R.1103 


200-250 volts, 40-100 c.p.s. 

High stability, D.C. output 250-400 volts, adjustable 
in three ranges. Maximum load is 200 mA up to 
350 volts and 150 mA from 350 volts to 400 volts. 
In addition two unstabilised 6.3 volt A.C. heater 
supplies are provided. 

A 10 volt change in mains input voltage results 

in an output change of less than 0.15 volts. 

A change from zero to full loads results in an 
output change of less than 0.4 volts. 

Less than 4 ohms. 

Approximately 5mV R.M.S. 

All circuits isolated from earth. Heater supply can 
be operated at up to 500 volts from earth. 

The unit is designed for standard rack mounting, 





or bench use. 


Illustration shows Ediswan Stabilised Power Supply 
Units type R.1095 and R.1103, rack mounted. 
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Member of the A.E.1. Group of Companies Telegrams: Ediswan Westcent, London 
SP114 


THE EDISON SWAN ELECTRIC CO. LTD. 155 CHARING CROSS 


Telephone: Gerrard 8660 
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OFFICIAL APPOINTMENTS 


ADMIRALTY Naval Ordnance Inspection 
Department requires Engineers (Technical Grade 
Ill) for inspection and test of electrical and 
electronic devices and_ electro - mechanical 
systems. Posts, based on Woolwich, involve 
visits to firms and establishments in London 
Area. Salary within scale £506 (at age 26) by 
£20 to £628 (London Rates), subject to deduc- 
tion or additions (up to a maximum of two 
increments) of £20 for each year by which age 
falls below or exceeds 26. Appointments initially 
temporary but with possibilities of establishment 
and promotion. Candidates, male British sub- 
jects of British Parentage, must be at least 25 
years of age and have served apprenticeship or 
had equivalent workshop experience followed 
by appropriate manufacturing experience. Pos- 
session of H.N.C., preferably in telecommuni- 


cations, or equivalent C. and G. ayenerener 
an advantage. Appiication forms from S., 
Technical and Scientific Register (K), 26 King 
quoting el 


Street. London, S.W.1, 


AIR MINISTRY requires Scientific Officers 
for Operational Research on wide variety of 
problems, in London and Provinces, under 
direction of Scientific Adviser to Air Ministry. 
Qualifications: First or Second Class Honours 
Degree or equivalent, in physics, mathematics 
or engineering. Salary (London) within range 
£440-£707 (men), £440-£576 (women). Provincial 
rates somewhat lower. Posts unestablished, with 

ssibilities of establishment through the Civil 
Eervice Commission for successful candidates 
whilst age 31. Application 
forms, quoting A 285/53/A, from M.L.N.S., 
Technical and KE Register (K), =, King 
Street, London, S.W 


APPLICATIONS ARE INVITED from Radar 
and Electronic Technicians for appointments as 
Civilian Technical Assistants Grade HII in 5 
Anti-Aircraft Groups in the North Eastern and 
Midland area. Applicants should hold Ordinary 
National Certificate in Electrical Engineering or 
an equivalent qualification or be an ex Arma- 
ment Artificer, CPO, RN, or senior NCO, 
RAF, with Service Radar or Electronic qualifi- 
cations. Starting salary at age of 28 including 
pay additions is approximately £500 p.a. with 
£20 annual increment up to a maximum of 
£597. Candidates oe ee: their 5 ol 
tions to ADME, HQ 5 AA Group, lover- 
lands’’, Newdigate Lane, Kimberley, Notts, 
stating age, qualifications and ere. 607 


ASSISTANT (SCIENTIFIC). The Civil Service 
Commissioners invite applications for pension- 
able posts. Applications may be accepted up 
to 3lst December, 1953, but an earlier closing 
date may be announced either for the com- 
petition as a whole or in one or more subjects. 
Age at least 17} and under 26 years of age on 
Ist January, 1953, with extension for regular 
Service in H.M. Forces, but candidates over 26 
with specialized experience may be admitted. 
Candidates must produce evidence of having 
reached a prescribed standard of education, 
Particularly in a science subject and of thorough 
experience in the duties of the class gained by 
service in a Government Department or other 
civilian scientific establishment or in technical 
branches of the Forces, covering a minimum 
of two vears in one of the fol lowing groups 
of scientific subjects: (i) Engineering and physi- 
cal sciences. (ii) Chemistry, bio-chemistry and 
metallurgy. (iii) Biological sciences. (iv) General 
(including geology, meteorology, general work 
ranging over two or more groups (i) to (iii) and 
highly skilled work in laboratory crafts such as 
glass-blowing). Salary according to age up to 
25: £236 at 18 to £363 (men) or £330 (women) 
at 25 to £500 (men) or £417 (women); some- 
what less in Provinces. Opportunities for pro- 
motion. Further particulars and application 
forms from Civil Service Commission, Scientific 
Branch, Trinidad House, Old Burlington Street, 
London, W.1, quoting No. § 59/53. Applica- 
tion forms cotta be returned as — as 
Possible. W 2612 


BBC requires limited number of Engineers 
(minimum age 21) of British Nationality for 


remaining under 


SEPTEMBER 1953 


& 


operation and maintenance duties at transmitter, 
studio, recording and television centres. Must 
be willing to serve anywhere in U.K. Essential 
qualifications include University Degree, Higher 
National Certificate or equivalent in Electrical 
Engineering, Grad. Brit. I.R.E. with maths., 

or C. and G. Final Certificate in Telecom- 
munications. Promotion prospects. Salary £500 
with annual increments to max. £685. Applica- 
tions to Engineering Establishment Officer, BBC, 
London, W.1. W 2613 


CIVIL SERVICE COMMISSION: Assistant 
Commissioner. The Civil Service Commissioners 
invite applications for a temporary appointment, 
expected to be for two or three years, to assist 
in the selection of ing and 

personnel for permanent appointments in the 
Civil Service. Starting salary according to quali- 
fications and experience within the scale £1,600 
x £75—£1,850. Age under 65. Candidates must 
have a University Degree in Engineering and 
should preferably be Corporate Members of the 
Institution of Electrical Engineers. Experience 
of interviewing an advantage. Letters of appli- 
cation stating age, qualifications and experience 
should be addressed to the Secretary, Civil Ser- 
vice Commission, Scientific Branch, Ne 
House, Old Burlington Street, London, wW.1, 
not later than 16th September, 1953. W 2667 


ELECTRICAL ENGINEERS OR PHYSICISTS 
required by Ministry of Supply for work on 
out-of-door instrumentation at Experimental 
Establishments near Southend and Carlisle. 
Duties: to take charge of new electronic baliistic 
instruments and ancillary optical equipment as 
it is installed and, in conjunction with the 
designers, to prove the equipment. Minimum 
qualification: Higher School Certificate (Science) 
or equivalent but Degree or H.N.C. in appro- 
priate subject may be an advantage. Experience 
in electronics essential, experience of general 
ballistic’ instrumentation desirable. alaries 
within range, Experimental Officer (min. age 
26) £649-£799. Women somewhat less. Appoint- 
ments unestablished. Application forms from 
M.L.N.S.. Technical and Scientific Register (K), 
26 King Street, London, S.W.1, quoting A 191/ 
53/A. Closing date lith September, <p 


ELECTRONIC Engineer wanted for develop- 
ment and construction of medical research 
apparatus. Salary £460-£625, superannuation. 
Apply in writing to e Dean, Postgraduate 
Medical School, Du Cane Road. W.12. W 1825 


ENGINEER required by Ministry of Supply at 
Woolwich to run a small factory producing 
radio and similar equipment plastics, wood- 
work. Qualifications: British of British parents. 
Recognized engineering apprenticeship and 
A.M.I.C E. or Mech.E. or E.E. or exempting 
qualifications. Experienced high precision light 
engineering, knowledge assembly, wiring, test- 
ing, sheet metal work for radio. Knowledge 
plgstics processes advantageous. Salary: Within 
£970-£1,280. Not established but opportunities 
to compete for establishment may arise. Appli- 
cation forms from M.L. & N.S., Technical & 
Scientific Register (K), 26, ae Street, Lootos. 
S.W.1, quoting ref. €.416/53 W 2659 


HELLESDON HOSPITAL, Norwich. E.E.G. 
Technician-Recordist required. National salary 
scale and conditions. Expanding department 
with new Ediswan 8 channel machine and 
analyser and Marconi 4 channel machine. 
Varied clinical material and opportunity for 
research. Intake from wide area. Apply at once 
to the Medical Superintendent. W 1824 


MAPPERLEY HOSPITAL, 
EE.G. Technician Recordist. 
invited for the above post. Experience in 
clinical electro -encephalography and_ simple 
maintenance of the apparatus required. Salary 
£410 x £15(3) x £20(1)—£475, pending _ settle- 
ment of National Scales at present under con- 
sideration, Applications should be sent Ry the 
Physician Superintendent. W 2620 


MINISTRY OF SUPPLY, A.E.R.E., Harwell, 
requires Senior Experimental Officer in Elec- 
tronics Division to take charge of small section 
responsible for design and construction of 
small electro-mechanical mechanisms, e.g. units 
to control automatic handling and counting of 





NOTTINGHAM. 
Applications are 


tadio-active samples, printing mechanisms for 
recording results and small remote handling 
apparatus. Qualifications: minimum of Higher 
School Certificate (Science) or equivalent, but 
Degree or H.N.C. may an advantage. Good 
mechanical design experience required. Mini- 
mum age 35. Salary within range £927-£1,091. 
Women somewhat less. Appointment unestab- 
lished. House available within reasonable period 
for successful candidate, if married. Applica- 
tion forms from M.L.N.S., Technical and 
Scientific Register (K), 26 King Street, London, 
S.W.1, quoting D302/53A. Closing date 12th 
September, 1953. W 2637 


MINISTRY OF SUPPLY, A.E.R.E., Harwell, 
requires Engineers and Physicists in Electronics 
Division for duties ranging from fundamental 
research on circuitry and the physics of nuclear 
radiation detectors, to devising and developing 
(often in collaboration with industry) electronic 
devices for Atomic Energy Project. Both small 
and large scale electronic engineering involved, 
with ample scope for originality. Duties mainly 
involve research on circuitry, but opportunities 
will occur for work on project engineering. 
Qualifications: minimum of Ist or 2nd_ class 
Honours Degree, or equivalent, in physics or 
elec. eng. Appointment according to age and 
experience as: Principal Scientific Officer (min. 
age 31), £1,033-£1,377; Senior Scientific Officer 
(min. age 26), £781-£980 (for above grades at 
least 3 years’ post-graduate experience required); 
Scientific Officer, £417-£675. Women etn 
less. Appointments unestablished. F.S.S 
benefits may be available. Houses AS le 
within reasonable period for successful candi- 
dates, if married. Application forms from 
M.L.N.S., Technical and Scientific Register (K), 
s King Street, London, S.W.1, quoting A195/ 
53/A. Closing date 12th September, 1953. 
W 2626 


OXFORD UNIVERSITY LABORATORY re- 
quires Electronic Engineer from late summer 
or early autumn. Starting salary £550 p.a. Good 
holidays, family allowances, etc. Box No. 
W 1809. 


THE NATIONAL INSTITUTE for Medical 
Research, The Ridgeway, Mill Hill, N.W.7, 
requires an Assistant for the Instrument 
Laboratory. G.C.E. or. equivalent and an 
interest in Physics essential; experience of the 
production of experimental apparatus and 
some knowledge of electronics are desirable. 
Established superannuated post after pro- 
bationary period. Apply in writing to the 
Administrative Officer. W 1829 


THE WAR OFFICE requires for No. 35 Base 
Workshop, R.E.M.E., Old Dalby, Leicester- 
shire: One Mechanical Engineering Officer 
(Main Grade) to control Workshop repairing 
radar and associated equipment. Knowledge and 
experience of modern electronic and __ allied 
engineering progress and process methods and 
technique of management essential, also ability 
to organize large repair programmes and pro- 
duction. Inclusive salary range £927 to £1, ris 
(provincial). Applicants must be British of 
British parentage and Corporate Members of 
the Institution of Electrical Engineers or have 
passed or be exempt from Sections A and B 
of their membership examination. Starting 
salary fixed according to age, qualification and 
experience on range quoted. Annual increments 
subject to satisfactory service. Post temporary 
but long term possibilities. Application forms 
from M.L.N.S., Technical and Scientific Regis- 
ter (K), 26 King Street, London, S.W.1, quot- 
ing D72/53A W 2599 


UNIVERSITY COLLEGE of North Stafford- 
shire. Technicians: Applications are invited for 
posts in the Physics Department from candi- 
dates age 20 or over. Practical experience in 
electronics or instrument repair an advantage. 
Appointment as Junior Technician (£234 at age 
20, x £26 to £312) or Technician (£315 x £15 
—£390 x £15—£450), according to age, qualifi- 
cations and experience. Superannuation scheme. 
Applications, with full details of education and 
experience and with the names of two referees, 
should be sent as soon as possible to The Pro- 
fessor of Physics, University College, Keels, 
Staffordshire, from whom further particulars 
may be obtained. W 2640 
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SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tipr of Vacancies Order, 1952. 





A DESIGN DRAUGHTSMAN with experience 
in design and layout of simple Electronic Equip- 
ment is required by Airtech Limited, Aylesbury 
and Thame Airport, Haddenham, Bucks. There 
are good prospects of expansion in this’ sphere 
with the right man in the job. Write in the 
first instance giving age, experience and salary 
required. W 182? 
A MALE GRADUATE Research Physicist is 
required by British Cellophane Limited, 
Bridgwater, Somerset. Applicants shold have 
a thorough knowledge of, or some previous 
experience in, electronics and _ radio-active 
isotopes, and be between about 25 and 40 
years of age. The post is concerned with the 
design and construction of apparatus for ex- 
perimental work in connexion with the manu- 
facture of cellulose film. e salary will be 
according to age, qualifications and experience. 
Address applications to the Personnel Officer 
quoting Ref. No. E.E.R.20. W 2605 


AN ENGINEER is required for the layout and 
development, to the prototype production state, 
of electronic equipment of a new type. Appli- 
cants, who must be British born, should pre- 
ferably have had experience of work of this 
kind in the radio, radar or communications 
field, and should have a or_ suitable 
alternative training and experience. The post 
will carry a starting salary in accordance with 
age and experience. Write giving full details of 
totem, etc., to Personnel Officer, Ericsson 
elephones Ltd., Beeston, Notts. W 2547 


A PHYSICS OR ENGINEERING GRADUATE 
with a knowledge of electronics is required by 
the Research Laboratories of The General 
Electric Co., Ltd., North Wembley, Middlesex, 
for work in connexion with under-water 
acoustics. Apply in writing to Staff Manager 
(Ref. RLO/606), giving full particulars of age. 
qualifications and experience. W 264 


ARE YOU LOOKING FOR HARD WORK, 
interesting problems, and a_ reward propor- 
tional to effort? An Engineering Company on 
the outskirts of London engaged on an impor- 
tant guided weapon project requires several 
graduate electronic and mechanical development 
engineers. Applicants should be British born 
between the ages of 25 and 30. Salaries range 
from £600 to £1,000 and depend on qualifica- 
tions and experience. The project is new. and 
there are good prospects for promotion. Please 
write, in confidence, quoting reference EE/715, 
ee full details of experience to Box No. 


ny» 


ASSISTANT Television Tube Engineers. 
Vacancies exist. for night and day engineers, 
experience in all aspects of manufacture and 
test of cathode ray tubes. Write in confidence 
giving full particulars of qualifications and age 
to the Personnel Officer, Brimar Valve Works, 
Footscray, Kent. W 2616 


ASSISTANT TO CHIEF MECHANICAL EN- 
GINEER required for Nucleonic Division. 
Although experience in this field not essential, 
applicant must have considerable experience in 
the design of light electro-mechanical instru- 
ments. be familiar with RCS. 1 and be 
capable of handling projects with minimum of 
supervision. Good salary to right applicant. 
Pension Scheme. Full details to Personnel 
Manager, Burndept Vidor Ltd., Erith, Kent. 

W 2665 


ASSISTANT for Electrical Laboratory of firm 
manufacturing electro-ceramics. Age not over 
23 and must have completed National Service. 
2: ee B.Sc. or equivalent. Box No. 


A VACANCY exists in a large London firm 
of Telecommunication Engineers for a Junior 
Capacitor Engineer. The successful candidate 
wil] be trained in the design of capacitors for 
a very wide variety of applications, and the 
duties include the technical supervision «i their 
manufacture, testing and, where relevant, their 
installation. Applicants require at least to 
have passed their Ordinary National or Inter 

examinations in Physics or Engineering 
with the intention of completing their studies 
to Higher National level, and to have some 
workshop or laboratory experience. Salary 
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according to age and experience. Write c/o 
ae” giving full details to Box No. 


BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middlesex, require research 
assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. Applicants must be graduates 
of the I.E.£. or possess equivalent qualifica- 
tions together with similar laboratory ex- 
perience. Salary will be commensurate with 
previous experience; five day week, contributory 
pension scheme. Applications must be detailed 
and concise, and will be treated as — 


CAMBRIDGE INSTRUMENT CO., LTD., 
Research Department, Cambridge. A vacancy 
exists for a physicist or electrical engineer 
interested in the development of a_ wide 
variety of electronic instruments in the indus- 
trial and medical fields. A degree or equiva- 
lent qualification is required but industrial 
experience is not necessary. Write giving 
details of education, experience and_ salary 
required. W 1807 


CHARGE HAND RADIO MECHANIC 
(civilian) required at London Fire Brigade 
Headquarters, Lambeth. Applicants must have 
good knowledge of theory of radio communi- 
cation and experience of installation, servicing 
and repair of V.H.F. transmission and receiving 
equipment and be qualified drivers. 187s. for 
5-day, 44-hour week. Electrical contracting 
industry conditions. Prospects: permanency with 
superannuation. Canteen. Write Chief Officer, 
London Fire Brigade, Albert Embankment, 
S.E.1, stating experience and age. (899). W 2663 


CHEMIST OR PHYSICAL CHEMIST required 
for interesting research and development work 
on problems associated with vacuum tubes and 
semi conductors. Applicants should have a good 
Honours Degree and preferably, but not 
essentially, with previous experience in this field. 
Salary according to age and experience. Excel- 
lent conditions of employment. 5 day week. 
Contributory Pension Scheme. Apply Personnel 
Officer, Mullard Research Laboratories, Cross 
Oak Lane, Salfords, Near Redhill, ox. 


DECCA RADAR LIMITED invites applications 
from young engineers who are interested in 
radar as a career and who have taken or are 
engaged in taking their H.N.C. The posts 
available offer opportunities for undertaking 
intensive development work over a wide field 
of radar. microwave link, and associated tech- 
niques. The chances of rapid advancement are 
good for men of ability. British Nationality 
essential. Suitable candidates with no radar 
experience may be accepted for training. Only 
Candidates who have completed their National 
Service need apply. Apply, Ref. CPH/A, Decca 
Radar Ltd., Research Laboratories, 2, Tolworth 
Rise, Surbiton, Surrey. W 174 


DECCA RADAR LIMITED invites applications 
from young graduate scientists and engineers 
with good Honours Degrees. The posts offer 
first-class careers with excellent prospects in 
tadar engineering. British Nationality essential. 
Only Candidates who have completed their 
National Service need apply. Apply, Ref. 
CPH/1, Decca Radar Limited, Research Labora- 
tories, 2, Tolworth Rise, Surbiton, att 173 


DECCA RADAR LIMITED invite applica- 
tions from experienced microwave engineers to 
join the Company in its extensive work in a 
wide field of microwave link and radar develop- 
ment. The Company offers excellent starting 
salaries and first rate opportunities for men to 
exploit their initiative and to rise rapidly to 
responsible posts. Graduates without industrial 
experience who are prepared to undertake in- 
tensive training are also invited to apply for 
junior posts. Applicants must be of British 
nationality. Only Candidates who have com- 
pleted their National Service need apply. Apply 
in writing. quoting ref. MW, to Research 
Director, Radar Laboratory, 2, Tolworth Rise. 
Surbiton, Surrey. W 177 


DECCA RADAR LIMITED requires a senior 
engineer to take charge of the testing of high- 
power centimetric radar equipment. Previous 
experience of high-power radar, including 
receivers and A.F.C. systems, is required. A 
good salary, commensurate with experience, 
will be offered to the right man, for whom 
there are excellent prospects in this progressive 
and expanding company. Please apply giving 
full details of experience and stating salary 
required to Ref. F.L., Decca Radar Limited. 
1-3, Brixton Road, London, S.W.9. W 176 


DESIGNER DRAUGHTSMAN required to join 
staff of microwave development group. Work 
involves design of instrument mechanisms, 
mechanical linkages, and structures of micro- 
wave measuring instruments and components, 
on kinematical principles. Drawings to_stan- 
dards of RCS10000 to specifications IDP/13. 
Applicants should possess H.N.C. or — 
lent. This is an excellent opportunity for a 
young man with energy, imagination and 
initiative wishing to rise to status of Develop- 
ment Engineer. Write, giving details of experi- 
ence, qualifications, salary, etc., to Head of 
Microwave Group, W. H. Sanders (Electronics) 
Ltd., Bedwell Lane, Stevenage, Herts. wanes 


DESIGNER DRAUGHTSMAN under 30 with 
knowledge of design of electro-mechanical in- 
struments. Workshop experience _ preferred. 
H.N.C. standard. Permanent position. Good 
Prospects and superannuation scheme. Appli- 
cations in writing stating age, training, ex- 

rience and salary required to the Personnel 
ool Muirhead & Co., Ltd., Elmers End, 
Beckenham. W 2634 


DESIGNER DRAUGHTSMAN (RESEARCH) 
required. Varied work involving drawing analy- 
sing performance and_ developing precision 
apparatus from engineers’ sketches. Opportunity 
to rise to status of development engineer for 
man with proven ingenuity and sound critical 
faculty. Apply in writing giving age, previous 
experience and salary required to Personnel 
Department, Kelvin & Hughes Ltd., New 
North Road, Barkingside, Essex. W 2594 


DEVELOPMENT ENGINEER required by 
established firm manufacturing wire wound 
components and electronic equipment. Ability 
to work on own initiative essential. Write 
giving details of age, experience and salary to 
Dagnall and Kendall Ltd., Telecommunication 
Component Mftrs., Cranfield, aeaied — 


DEVELOPMENT ENGINEERS. Ultra Elec- 
tric Limited, Western Avenue, Acton, W.3, 
have the following vacancies for engineers on 
the permanent, pensionable staff: (a) Senior 
Engineers with good qualifications (Degree 
standard) and experience. Required for new 
techniques in design and development of TV 
receivers. (b) General Engineers with good 
academic background and/or experience with 
a view.to training and progression to senior 
positions. (c) Standards Engineer preferably 
with previous experience and H.N.C. standard 
of education for the control of factory test 
equipment and Standards Room equipment. 
Applicants are invited to write in strict con- 
fidence giving age, experience, qualifications 
and salary desired to the Personnel Manager, 


DEVELOPMENT ENGINEER required by a 
large engineering company situated in the East 
London area. Applicants should up to degree 
standard and have at least five years’ experience 
on development of high frequency equipment. 
Successful applicant will have right of entry into 
the company’s superannuation and insurance 
scheme. Please write quoting reference EE/705 
giving details of qualifications, experience and 
salary required to Box No. W 2627. 


DRAUGHTSMEN experience in Radio and 
Television Receiver Design (and small mechanical 
details) able to prepare drawings for manu- 
facturer of prototype equipment. Apply in 
writing to Employment anager, erguson 
Radio Corporation, Great Cambridge Road, 
Enfield, Middlesex. W 2548 


DRAUGHTSMAN wanted for a small drawing 
sffice engaged in design of electronic equipment. 
Good opportunity for man with initiative in 
rapidly expanding organization. Apply Technical 
Director. Winston Electronics Ltd., 1, Park 
Road, Hampton Hill, Middlesex. Telephone 
Molesey 29855. W 1821 


ELECTRONIC CIRCUIT ENGINEERS re- 
quired immediately by rapidly expanding instru- 
ment company in East Anglia. Write at once 
giving comprehensive details and salary required 
to Box No. W 2656. 


ELECTRONIC DEVELOPMENT ENGINEERS 
of all grades required by J. Langham 
Thompson Ltd. Initiative and/or academic 
qualifications essential for a number of in- 
teresting projects. Apply in writing stating 
age and experience to Chief Engineer at 88 
High Road, Bushey Heath, Herts. W 2636 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
eged 18-64 inclusive or a woman aged 18-59 





Engineer. Candidates must possess University 
Degree in Engineering or equivalent and have 
had considerable experience in the design, 
development and engineering of Service Equip- 
ment over a wide field with emphasis on Radar, 
microwave and associated techniques. They must 
be capable of directing a team of qualified 
i s on this class of work, of controlling 





inclusive unless he or she, or the ploy " 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





ELECTRONIC DEVELOPMENT ENGINEERS 
required for work in laboratory on instrumenta- 
tion, industrial electronics and guided weapons. 
Must have sound knowledge and experience of 
electronics and be capable of working on own 
initiative. Salaries up to £1,000 p.a. depending 
on experience. Excellent opportunities for cap- 
able men to progress in rapidly expanding 
organization. App:y Technical Director, Winston 
Electronics Ltd., 1, Park Road, Hampton Hill, 
Middlesex. Telephone Molesey 2985. W 1819 


ELECTRONIC ENGINEERS required by The 
General Electric Co. Ltd., Brown’s Lane, 
Allesiey, Coventry, in their Development 
Laboratories, for work on: (a) Trials Team in 
connexion with Guided Weapons; 2 Senior 
Engineers also 3 Engineers. (b) Servo- 
Mechanisms; 2 Engineers. (c) Magnetic Ampli- 
fiers; 1 Engineer. (d) Pulse wg é 
Engineers. (e) Microwave Circuits; 1 ior 
Engineer, 2 Engineers. (f) Test Equipment; 1 
Senior Engineer, 3 Engineers. (g) General 
Radar Circuit Development; 1 Senior Engineer. 
2 Engineers. Applicants, preferably with a 
Degree or an equivalent qualification should 
have had at least two years’ experience in the 
development and engineering of Service equip- 
ment as well as experience in one of the above. 
Houses on the outskirts of ventry, near our 
Laboratories, are now available for offer to 
successful applicants, and this offer can only 
remain open for a few months. Applicants’ 
holiday requirements will receive special atten- 
tion. Reply stating age, qualifications and ex- 
perience to Personnel anager. Ref. R.G 

W 2504 





ELECTRONIC ENGINEER required for in- 
teresting development work. Applicants must 
have sound basic training with a Degree or 
equivalent in engineering, and previous experi- 
ence in the design of pulse generator circuits, 
and their application to problems of accurate 
measurement of time. Please write with full 
details to ED/127, E.M.I. Engineering Develop- 
ment Ltd., Blyth Road, Hayes, Middlesex. 

W 2624 


ELECTRONIC ENGINEER required by new 
division of prominent Engineering Company in 
Northern Ireland for development work on 
Guided Weapons and other projects. Degree 
or equivalent in electrical engineering or physics, 
with good practical experience, preferably of 
D.C. Amplifiers, Electronic Computation, Pulse 
Techniques, or Miniature Equipment. Good 
salary and prospects for man with initiative. 
Pension Scheme, assistance with housing. Send 
full particulars of age, qualifications and experi- 
ence, and salarv required, quoting E.E2, to 
Box No. W 2641. 


ELECTRONIC ENGINEER required by Com- 
pany in Croydon area. Applicants must be 
up to H.N.C. standard, experienced in design 
of Radio, Television and Electronic equip- 
ment. Apply to Box No. W 1802. 


ELECTRONIC ENGINEER required for 
development and testing of a wide range of 
electronic measuring instruments. Previous 
experience desirable but not essential. Excellent 
Prospects for rapid advancement in young and 
expanding organizatior. Rivlin Instruments 
Ltd., 7A Maitland Park Villas, N.W.3. 

W 1808 


ELECTRONIC ENGINEER to take charge of 
Laboratory and to be responsible for Works 
Standards and test equipment, etc., and investi- 
gations in connexion with development of 
Variable Capacitors and equipment for frequen- 
cies including U.H.F. Applicants must be of 
suitable educational level with considerable 
industrial experience and used to controlling 
staff. Write concisely stating qualifications, ex- 
perience, age and salary required to Wingrove 
& Rogers Ltd., Domville Road, Mill Lane, 
Liverpool, 13. W 181 


ELECTRONIC ENGINEER required to work 
on development projects in small organization 
situated on South Coast. Experience on design 
of communications receivers essential. H.N.C. 
Standard. Write full details and salary expected. 
Box No. W 180. 


ELECTRONIC ENGINEER or Physicist  re- 
quired in the London area to fill post of Chief 


ELECTRONIC ENGINEERING 


a well equipped Laboratory and should be very 
familiar with Standard ere adopted by 
Government Technical Establishments. Appli- 
cants, preferably British, should write, in strict 
confidence, stating age and salary required and 
giving details of qualifications and experience 
to: Messrs. Russell & Mason, St. Martin’s 
House, 29 Ludgate Hill, London, E.C.4. 
W 1826 
ELECTRICAL ENGINEER OR PHYSICIST 
with good general knowledge of electronics 
required to assist in the development of tran- 
sistor circuitry. University Degree or good 
H.N.C. is essential and some previous experi- 
ence with electronics would be useful. Apply 
in writing to the Staff Manager (Ref. 
EE/TWS.1) G.E.C. Stanmore Laboratories, 
The Grove, Stanmore Common, Stanmore, 
Middlesex, stating age, qualifications and ex- 
perience. W 2615 


F.M.I. RESEARCH LABORATORIES LTD., 
Hayes, Middlesex, have staff vacancies in con- 
nexion with (a) Ministry on Guided Weapons 
projects, (b) Research work relative to Tele- 
vision Radiation Technigue. (1) Senior Engineers 
or Physicists. The qualifications include a good 
Degree in Physics or Electrical Engineering, 
wide experience in U.H.F. technique, in elec- 
tronic circuits, or aerial and feeder systems, 
and sound mathematical knowledge. (2) En- 
gineers and Physicists for research and develop- 
ment work in the above fields. Quaiifications 
include a good Degree in Physics or Electrical 
Engineering or Mechanical Science or equiva- 
lent qualifications. (3) Technical Assistants for 
experimental work. Qualifications required: a 
Degree or Higher National Certificate in Elec- 
trical or Mechanical Engineering or equivalent 
quilifications. Salaries will be in accordance 
with experience and qualifications. Apply Per- 
sonnel Manager, E.M.I. Ltd., Hayes, quoting 
R/L. W 2655 


ENGINEERS: A manufacturing firm in the 
Birmingham Area reauire Electrical and 
Mechanical Engineers. The posts, which have 
arisen due to policy of expansion, will provide 
considerable scope and opportunity for original 
thought to men interested in research and 
development. Candidates should have a Univer- 
sity Degree with post-graduate experience in 
precision engineering or Corporate membership 
of a Professional Institute. Applications, which 
will be treated in confidence, should give full 
details of training. experience and _ salary 
desired. Box No. W 2672. 

ENGINEERS required for development and 
maintenance of electronic equipment. Higher 
National Certificate Standard. Previous ex- 
perience on electronics or radar desirable. 
Remuneration according to experience and 


qualifications. Apply Labour Exchange, 
Rugby. Ref. Construction Department, 
BTH, Rugby. W 2611 


ENGINEER OR PHYSICIST with experience 
of problems associated with the design of elec- 
tronic tubes is required for interesting develop- 
ment work in this field. Applicants should have 
a Degree in Physics or equivalent qualifications. 
Vacancies also exist for assistants. Please write 
with full details to Personnel Dept., quoting 
ED/126, E.M.I. Engineering Development Ltd.. 
Blyth Road, Hayes, Middlesex. W 2623 


ENGINEER required to undertake the develop- 
ment of electronic instruments. The successful 
applicant must be capable of working sub- 
stantially on his own initiative. Salary will be 
in accordance with qualifications and experience. 
Degree or equivalent preferred. Apply in writing 
to Advance Components Limited, Back Road, 
Shernhall Street, London, E.17. W 2553 


ESTIMATORS. The Plessey Company Limited 
have one or two vacancies for first-class Esti- 
mators preferably with previous similar experi- 
ence in the Radio, Electronic or Light 
Engineering Industries. Practical experience in 
Production Engineering or Time Study would 
be most valuable. Applications will be treated 
in strictest confidence and should be addressed 
quoting reference EE/720 to the Personnel 
Manager, The Plessey Co., Ltd., Ilford, Essex. 

W 2668 


EXECUTIVE ENGINEERING position avail- 
able to Engineer possessing an Engineering 
Degree in Tele-communications or associated 
subject for the design and development of 
TV receivers. Applicants should be fully ex- 


perienced in the technique of TV _ design, 
development and production. Please write in 
confidence giving age, qualifications, experi- 
ence, and salary desired to Box No. W 2608. 


EXPERIENCED FAULT-FINDERS wanted by 
Midland Manufacturers of Radio Equipment. 
Permanent posts located in the Midlands are 
Offered to men with experience of Radar, 
Radio Control, V.H.F. uipment. Write 
stating fully, experience and salary required to 
Personnel Manager, Box No. W 2514. 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirers and assemblers for Factory Test appara- 
tus. Appiy Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. wie 

4 


FERGUSON RADIO CORPORATION LTD. 
require an Engineer with initiative and good 
technical background to take charge of a well 
equipped laboratory engaged on the develop- 
ment of Television Receivers for mass produc- 
tion. Previous experience in this field is essen- 
tial. Education to degree standard is desirable 
but not essential. Housing assistance considered. 
Written application to Employment Manager, 
F.R.C., Gt. Cambridge Road, Enfield, Middle- 
sex, giving full details of qualifications, experi- 
ence, etc., and quoting Ref. No. 4759. W 2642 


FERRANTI LIMITED, Edinburgh, require 2 
(two) Electrical Engineers for development work 
of computing and allied equipment. Essential 
qualifications are—B.Sc. or —- in Electrical 
Engineering or a qualified Physicist. Previous 
experience is desirable but not essential. Age 
25-35 desirable, but men outside this range 
with the necessary qualifications will not be 
barred. These are permanent staff positions 
under ideal conditions which will afford good 
prospects to the successful applicants. Apply 
in writing to the Personnel Officer, Ferranti 
Ltd., Ferry Road, Edinburgh, 5, quoting ref. 
“E.”" W 2658 


FERRANTI LIMITED, Manchester, have staff 
vacancies in connexion with long-term develop- 
ment work on an important radio tele-control 
project at their new laboratories at Wythen- 
shawe, South Manchester. (i) Engineers for 
research and development work in the follow- 
ing fields: Radar, radio and electronic circuits, 
micro-waves. high power centimetric valves, 
vacuum and/or high voltage techniques, servo 
control and electro-mechanical devices and_test- 
ing equipment associated with the above. Quali- 
fications include a Degree in Physics or Electri- 
cai Engineering or Mechanical Science, or 
equivalent qualifications, and at least two 
years’ previous experience. Salary according to 
qualifications and experience in the range £500- 
£1,000 per annum. Please quote reference WE. 
(ii) Technical Assistants for experimental work 
in the fields listed in (i) above. Qualifications 
required: a Degree or Higher National Certifi- 
cate in Electrical or Mechanical Engineering or 
equivalent qualifications. Salary in the range of 
£400-£600, according to age and experience. 
Please quote reference MT. (iii) Designers and 
Draughtsmen. Section leaders, leading draughts- 
men, draughtsmen and_ junior draughtsmen, 
preferably with experience in any of the fields 
mentioned above. Salaries based on A.E.S.D. 
rates: in the range £360-£850 per annum with 
good allowances for special qualificatians and 
experience. Please quote reference WD. The 
Company has a Staff Pension Scheme. Applica- 
tion forms from Mr. R. .J. Hebbert. Staff 
Manager, Ferranti Ltd., Hollinwood, Lancs. 
Please quote appropriate reference. W 2619 


H. M. HOBSON LTD., Fordhouses. Wolver- 
hampton have immediate vacancies for two 
Electronic Engineers with sound knowledge of 
frequency and voltage regulation, small elec- 
tronic servo-systems, pulse and_ strain-gauge 
techniques. Some experience in _ electronic 
instrumentation would be an advantage. Appli- 
cants must be British and be graduates of the 
Brit.I.R.E. or possess equivalent qualifications. 
Age 20-30. Apply stating age, experience and 
salary required. W 1783 


INSTRUMENT MECHANICS / ENGINEERS 
with experience in the overhaul, construction, 
and calibration of Electrical Instruments, pre- 
ferably aircraft instruments, are required by 
Field’s of Bovingdon Airport, Herts. Good pay 
and pleasant working conditions. Canteen and 
sports facilities. Full details in writing to Per- 
sonnel Officer, Field Aircraft Services Ltd., 
Croydon Airport. W 2679 
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superior 


STABILITY and SIMPLICITY 
EKCO Type 1079 VIBRATING REED ELECTROMETER 








Although designed for Ionization Current measurements, this instrument solves 
many problems involving the measurement of very-minute direct 

currents and voltages, including those associated with pH measurements. 

It replaces all forms of valve electrometers, having outstandingly good zero 
stability. In place of the usual D.C. amplifier, the applied D.C. is converted into 
A.C. by means of a vibrating condenser, then passed to a high-stability negative 
feedback amplifier whose output is rectified and measured. Direct indication 

of the applied voltage is given on a built-in meter; provision is also made for 
operating an external recorder. The complete instrument comprises two units, 
the Electrometer Head and the Indicator Unit, interconnected by cables which can be 
up to 200 ft. in length. 

This instrument was designed in association with the British Atomic 

Energy Research Establishment. 


Specification 
4 Ranges: 0-30, 0-100, 0-300, 0-1000 Input: } switched resistors, 100 megohms, 
millivolts. 10,000 megohms, 1 million megohms. 
Sensitivity: At maximum sensitivity thein- Output: Unit will operate a 1 mA or 100mV 
strument gives F.S.D. for 0.03 recorder. 
micro-micro-amps. External 6.3V 0.3A and 200v 5mA available for 
Accuracy: Of the order of + 5% supplies: operating external equipment. Compart- 


Stability: Day to day, + 1 millivolt ment provided for 90V battery for 


polarizing ion chambers. 


Please write for the complete catalogue of Ekco electronic and 
nucleonic equipment 


E K C 0 electronics 


@EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX 
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SITUATIONS VACANT (Cont’d.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ts excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





JUNIOR ELECTRONIC ENGINEER or Tech- 
nical Assistant with initiative urgently required 
for construction of experimental audio fre- 
quency electronic measuring instruments from 
circuits and rough layouts, and to assist in their 
development. Also fault location when poueees- 
Previous experience essential. Excellent op; 
tunity for entering the rapidly developing eld 
of vibration research. Good salary, bonus and 
Pension Scheme. 5-day, 38-hour week. Full 
details should be sent to the Assistant Manager 
A), The Fairey Aviation Co., Ltd., Dept. E, 
Research and Armament Development Division, 
Heston Aerodrome, Hounslow, Middlesex. 

W 2670 


JUNIOR ENGINEER aged 22-25 required for 
high priority electronic and light mechanical 
work in Equipment laboratory of Surrey 
’ Previous experience essential and 
technical training to Higher erga Certifi- 
cate desirable. Box No. W 2 


KELVIN & HUGHES LTD. allt Labora- 
tories at Dunmow, Essex, have vacancies for 
Design Draughtsmen and Draughtsmen in the 
development drawing office. The work is rew 
and_ interesting and future prospects are 
excellent. A salary commensurate with ability 
will be offered. Applicants for a position of 
Design Draughtsman must be experienced in 
the design and layout of electronic and/or 
electre mechanical equipment and be able to 
carry a project through from the laboratory 
to the production stage. A knowledge of 
Service requirements would be an advantage. 
Applicants for the position of Draughtsman 
should have had some experience of electronic 
equipment but consideration will be given to 
Draughtsmen with light engineering experience 
and a knowledge of electrotechnology. Write in 
confidence quoting qualifications, experience, 
etc., to The Personnel Manager, Kelvin & 
Hughes Limited, New North Road, Barking- 
side, Essex. W 2604 


LABORATORY ASSISTANTS required, male 
or female, for research work on solid dielectric 
and electrolytic capacitors. H.N.C. or Inter 
B.Sc. Chemistry or Physics, or a recognized 
equivalent essertial. Write giving — details of 
age, education and experience, to H. Hunt 
(Capacitors) Ltd.. Bendon Valley, Gavel Lane, 
Wandsworth, S.W.18. W 2650 


LAYOUT ENGINEERS required for design of 
industrial electronic equipment. Excellent oppor- 
tunities for capable men to proeress in rapidly 
expanding organization. Apply Technical Direc- 
tor, Winston Electronics Ltd., 1, Park Road, 
Hampton Hill, Middlesex. Telephone Molesey 
2985. W 1822 


McMICHAEL RADIO LTD. require Senior 
and Junior Engineers in their equipment 
‘division laboratory at Slough. Training and 
"experience in the field of applied electronics 
(including communications) and -experience of 
working with Government Departments are the 
chief qualifications required. Write stating age 
and full details of training, qualifications and 
experience to the Chief Engineer, Equinment 
Division, McMichael Radio Ltd., Stoush 
Bucks W 157 
MURPHY RADIO LIMITED have a vacancy 
in their Test Instrument Laboratory for a 
senior engineer to undertake the design and 
development of all types of production and 
laboratory test equipment. Applicants should 
possess a Degree, H.N.C. or equivalent, and 
preferably have had a few years’ practical 
experience in this type of work. Apply to 
Personnel Department (T.J.1) Murphy Radio 
Limited, Welwyn Garden Ciiy, giving full 
details of experience and qualifications. W 2596 
NELSON RESEARCH LABORATORIES, The 
English Electric Co., Ltd., Stafford, have 
vacancies in the Test Section for young men 
with electronic workshop testing experience. 
The work, which is in connexion with Prceto- 
type devices, is of non-repetitive nature. Pre- 
ference will be given to applicants who hold 
the City and Guilds Telecommunications 
Engineering, 4th year Certificate, and Ordinary 
National Certificate. Apply to Dept. C.P.S., 
336/7, Strand, W.C.2, quoting ref. 944A. 

W 2676 
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PHYSICIST wanted by large Coventry engineer- 
ing company. Applicant must hold B.Sc. or 
equivalent, and have experience or specialized 
in instrumentation. Good conditions, salary and 
piospects. Apply stating details of age, education 
and experience, etc. Box No. W 2560. 


PROJECT ENGINEERS (aged 28/38) required 
for development of small electronic, electrical 
and radio components by well-known’ manu- 
facturer: experience of this work and up-to-date 
manufacturing methods essential, academic or 
professional qualifications advantageous. The 
positions are permanent and pensionable and 
salary commensurate with qualifications. Adver- 
tiser’s staff are aware of the vacancies. Appli- 
cations (which will be treated in confidence) 
giving full detai!ls and an indication of the 
salary range expected to Box No. W 2649 


RADIO & RADAR TESTERS. First class 
men required to work on V.H.F. mmunica- 
tion Gear and Government Contracts for 
Radio and Radar Equipment by Midland 
Manufacturers. Men with wide experience of 
Fault Finding in any of the fields mentioned 
ae write giving full details to Box No. 
2513. 


RADAR SYSTEMS ENGINEER. Decca Radar 
Limited have a number of senior and junior 
posts available for radar systems engineers in 
their Tolworth Laboratories. Candidates must 
be willing to travel when required and be of 
British Nationslity. Preference will be given to 
candidates who have H.N.C. or equivalent and 
who have had experience on the field — and 
maintenance of radar equipment. The chances 
of rapid advancement are good. Only Candi- 
dates who have completed their National Ser- 
vice need apnly. Apply, Ref. CPH/B. Decca 
Radar Ltd., Research Laboratories, 2, Tolworth 
Rise, Surbiton, Surrey. W 175 
RADIO TFSTERS AND INSPECTORS reauired 
for production of communication and industrial 
electronic equipment. Apply Mr. D. J. Lewen- 
don, Winston Electronics Ltd.. 1, Park Road, 
Hampton Hill, Middlesex. Telephone Molesey 
2985. W 1820 


RAPIDLY EXPANDING DEPARTMENT of 
large Wolverhampton firm requires several 
energetic electronic and electromechanical 
engineers, preferably with experience of in- 
dustrial instrumentation end servo mechanisms. 
Degree or equivalent standard preferred for 
senior posits. Expenses for attending for 
interview refunded. Box No. W 2606 


RESEARCH AND DEVELOPMENT ENGIN- 
FERS are required by British Telecommunica- 
tions Research Lid.. a Company associated 
with the Automatic Telephone & Electric Co., 
Ltd., and British Insulated Callender’s Cables 
Ltd., for work on long term development pro- 
jects in the oy fields: (a) Wideband line 
communication. (b) V.H.F. and U.H.F. radio 
communication. (c) Electronic Switching and 
Computing. A number of posts with salaries 
in the range £500-£1100 per annum are avail- 
able for suitably qualified engineers or physicists 
with experience in any of the above or allied 
fields. Further posts are available for technical 
assistants with salary in the range £300-£600 
according to qualifications and __ experience. 
Applications are also invited from Hons. Grads. 
in physics or electrical engineering who are con- 
sidering careers in the research and development 
side of the telecommunications industry. There 
is a superannuation scheme and the Company 
works a five-day week. Applications should be 
made to the Director of Research, British 
Telecommurications Research Ltd., Taplow 
Court. Taplow. Bucks, giving age and_ full 
details of education. qualifications, experience 
and approximate salary required. W 2664 
SENIOR & JUNIOR Development Engineers 
required for responsible work in Radio and 
Television Laborstories. Applicants for Senior 
position should be able to undertake Develop- 
ment work with the minimum = supervision 
Excelient ccnditions and salery available for 
applicants who are accepted. Apply in first case 
to Personne] Manager, (Dept. R.D.) McMichael 
Radio Ttd., Wexham Read, Sloveh, Bucks. 
Applicants must be of British Nationality 
W 2567 


SENIOR DEVELOPMENT ENGINEERS 
wanted to take charge of projects embracing 
eleciro-mechanical mechanisms and electronics. 
Apply Personnel Officer, British Tabvtlating 
Mic. Co., Ltd., Icknield Way, Letchworth, 
Herts W 1806 


SENIOR FLECTRONIC ENGINEER required 
by Nelson Research Laboratories, The English 
Eicctric Co., Ltd., Stafford, to be responsible 
for the co-ordination of Design, Drawing Office 
and Engineering Sections connected with the 
production of prototype electronic equipment. 


Applicant should pom outstanding experience 


leading a team on new pro- 


and be capable o 
336/7, Strand, 
W 2645 


jects. Apply to Dept. C.P.S., 
W.C.2, quoting ref. 305H. 





SALES LIAISON ENGINEERS required for 
the Components Division of The  Plessey 
Group of Companies. The first appointment 
calls for a specialized knowledge of the sup- 
pression of electrical interference. and the 
successful applicant will be required to discuss 
at executive level the problems in this sphere 
of manufacturers of electrical apparatus. For 
the second appointment, a wide knowledge of, 
and experience in, the radio and television 
components industry, and the ability to nego- 
tiate at executive level, are essential. To 
applicants of the right calibre these appoint- 
ments offer a generous salary and the benefits 
of the Company’s superannuation and _ insur- 
ance scheme, combined with excellent condi- 
tions of employment. Applications, quoting 
reference EE/7Ila, giving full details of past 
experience, should be addressed to The 
Personne) Manager, The Plessey Company 
Limited, Vicarage Lane, Ilford, Essex. W 2632 


SENIOR ENGINEER and a Junior are required 
by a small but progressive firm of electronic 
instrument manufacturers in Surrey for interest- 
ing development work on important projects. 
Scope for initiative and self-expression. Appli- 
cants should possess a Degree in physics or 
the equivalent and should have industrial ex- 
perience and a practical mind. Both salary and 
prospects will be good for the right man. 
App!y Box No. W 2653. 


STANDARD TELEPHONES and Cables Ltd., 
North Woolwich, London, E.16, have vacancies 
in their Line Transmission laboratory for one 
senior and one junior Engineer or Physicist to 
specialize on the development of coils, filters 
and equalizers covering the whole of the Tele- 
comnmuinications frequency range. Applicants 
should have an Electrical Engineering or Physics 
Degree and, for the senior position, experience 
in the above field. Initial salary according to 
qualifications and experience. The positions are 
progressive and pensionable. Apply Personnel 
Manager. W 2622 


STANDARD TELEPHONES and Cables Ltd., 
North Woolwich, London, E.16, have a vacancy 
for an Engineer on the mechanical design aspect 
of Telecommunications Equipment. Applicants 
should have completed an engineering appren- 
ticeship and have a Higher National Certificate 
in Mechanical Engineering. Initial salary accord- 
ing to qualifications and experience. The posi- 
tion is progressive and pensionable. Ji 
Personnel Manager. W 2621 


TELEVISION SERVICE ENGINEERS required 
immediately. Permanent and pensionable Posts 
offering good scope. Apply personally or in 
writing to Personnel Dept. (S.1), tie Radio 
Ltd., Welwyn Garden City. W 2661 


TECHNICAL ADVERTISING. Leading Manu- 
facturers of radio valves and electron tubes have 
vacancy in their Publicity Department for an 
advertising assistant with some technical know- 
ledge of radio and electronics. Write. giving 
full details of education, previous experience 
and salary required to 540, Box No. W 2654. 


TECHNICAL ASSISTANT (Junior) required 
by old-established firm of London Chartered 
Patent Agents. Electrical Engineering Degree 
or equivalent desirable. Write Box No. 54, c/o 
Whites Ltd., 72, Fleet Street, London, E.C.4. 

W 2666 


TECHNICAL SALES REPRESENTATIVE re- 
quired to handle Nucleonic instruments and 
other scientific apparatus. Excellent opportunity 
for Radio-Chemist with own car. Send full 
details to Box No. W 2657. 


TECHNICAL WRITER (male or female) re- 
auired in the N.W. London area by one of the 
leading radio manufaciurers. Applicants 
should have had previous experience in this 
field. Salary will be between £550-£650 per 
annum according to qualifications and experi- 
ence. rite giving full details to Box No. 
W 2602. 


[CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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For Precision Measurements- 






The New SOLARTRON 


Phase Sensitive Voltmeter 
Model VP 250 







An ideal 


Instrument for: 






%* Nyquist diagram plotting. 


‘SOLARTR: 
ON LABORATORY INSTRUMENTS LD. 





PHASE SENSITIVE VOLTMETER 
Model VP2sq 






% Harmonic response testing. 
% Network Analysis. 


% Transformer testing. 


REFERENCE ADJUSTMENTS 


















% Feedback amplifier testing. a: : , 
= in. af id 


FREQUENCY cps 


% Power frequency measurements. 





%* Dynamic balancing. 


Covering a frequency range of 20 c/s—20Kc/s this instrument will 
measure the “in phase” and “* quadrature ” components of an 
applied test voltage, with respect to a given reference voltage. 


%* High-speed servo mechanisms. 


* Selective amplification. Provided the latter is of sine wave form the readings will not be 
affected by the presence of harmonics or spurious frequencies in 

%* Bridge balance detection. the signal under test. 

% A.C. Strain guage systems. Note these features : 


Simultaneous display of reference and quadrature signal com- 
ponents on 6-inch centre zero meters calibrated in volts. 

Seven half decade sensitivity ranges covering 15 mv—15 volts full 
scale. 

Accuracy of indication +2% of full scale, true R.M.S. Greater 
than 50 megohms input impedance for both reference and signal 


Pci Be channel. 
av Sess 
sy 
( S@LARTRON | 
XN andl 
“Semen ann een eee SOLARTRON LABORATORY INSTRUMENTS LTD. 
22 HIGH STREET KINGSTON SURREY. TEL.: KINGSTON 8981 P.B.X 


DHB 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





TEST GEAR Design Engineers required with 
practical experience of this class of work, 
based on sound knowledge of electronic prin- 
ciples. These appointments are permanent 
and progressive. Salary £650 to £850 per 
annum. Company pension scheme in opera- 
tion. London area. Please write, in confi- 
dence quoting reference EE/707, giving full 
details of qualifications to Box No. W 2603. 


TEST STAFF urgently required for vibration 
analysis on guided missiles by modern elec- 
tronic measurement technique. Previous experi- 
ence not essential, but applicants should be 
keen and preferably familiar with use of 
amp!'ifiers and oscilloscopes, and should hold or 
be studying for H.N.C. Excellent opportunity 
for entering rapidly developing field. Good 
salary, and bonus. Pension Scheme. 5-day, 38- 
hour week. Details should be sent to the 
Assistant Manager (A), The Fairey Aviation 
Co., Ltd., Dept. E, Research and Armament 
Development Division, Heston ~- Aerodrome, 
Hounslow, Middlesex. W 2671 


THE BRITISH IRON & STEEL Research 
Association. Young Electronics _Engineer 
required by the Plant Engineering Division of 
the above Association to assist in instrumen- 
tation work involving use of strain gauges and 
multi-channel metering and recording circuits 
in connexion with new developments in steel- 
works jplant. Applicants should have an 
Ordinary or Higher National Certificate in 
electrical engineering. Age range 20-24. Start- 
ing salary according to age, qualifications and 
experience within the gange £430-£480 p.a. 
Location of work London, with visits to Steel- 


works. Written applications only quoting 
‘ Instruments ” to Personnel Officer, 

B.I.S.R.A., 11 Park Lane, London, W.1. 
W 2635 


THE ENGLISH ELECTRIC Valve Co., Ltd., 
Chelmsford, Essex, has several attractive vacan- 
cies, Junior and Senior, for Physics and Engin- 
eering Graduates to undertake research and 
development work on vacuum tubes. Applica- 
tions from Graduates who have recently qualified 
as well as those with industrial and research 
experience will be considered. Please write, 
— full details and quoting ref. 419J., to 

Dept. C.P.S., 336/7, Strand, W.C.2. W 2646 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
wish to extend their — laboratory facilities 
for study of the effect of environment con- 
ditions on Guided Weapons and their com- 
ponents. Applications are therefore invited 
from Senior and Junior Engineers to direct and 
carry out this work. A_ wide variety of elec- 
trical, mechanical and physical testing is under 
consideration and although Previous experience 
of Guided Weapons is desirable, it is by no 
means essential. The possession of an Engineer- 
ing or Physics Degree or similar qualification, 
coupled with some experience in designing and 
handling ingenious electrical and mechanical 
test contrivances, would form a satisfactory 
qualification. Please write, stating age, experi- 
ence and qualifications and salary required to 

pt P.S., 336/7, Strand, W.C.2, quoting 
Ref. 1149. W 2584 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
have vacancies for Electronic Engineers for 
development work on Radio Sub- 
Miniature equipment and/or recording tech- 
niques. Some field Trials Engineers and Assis- 
tants also required. Applications, stating age, 
experience and qualifications, should be sent 
to Dept. C.P.S., 336/7, Strand, W.C.2, quot- 
ing Ref. 456Q. W 2669 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
require an Engineer possessing a Degree or 
equivalent who is keen to enter a new field in 
connexion with testing Guided Missiies. Pre- 
vious experience in this field is unnecessary 
but a sound knowledge of basic physics with 
an emphasis on electronics is essential. Housing 


assistance will be given if required. Write, 
Stating age, experience, qualifications. and 
salary required, to Dept. C.P.S., 


336/7, Strand, 
W.C.2, quoting ref. 1149A. W 2644 
THE GENERAL ELECTRIC CO. LTD., 
Brown's Lane, Coventry, requires Senior and 
Junior Electronic Deveiopment Engineers for 
work on Guided Weapons and like projects, 


ELECTRONIC ENGINEERING 


particularly in the field of Microwave and Pulse 
Applications. Mechanical Development Engineers, 
Designer Draughtsmen and Draughtsmen, pre- 
ferably with experience of Radar type equip- 


ments, also required for the above projects. 
Salary according to age, qualifications and 
experience. Houses available for selected senior 
staff. Apply by letter stating age and experience 
to the Personnel Manager (Ref. R.G.). W 169 





Luton. 
Guided 


THE ENGLISH ELECTRIC CO. LTD., 


have Immediate Vacancies in their 
Weapon Division for the following positions : 
A Senior Instrument Engineer with consider- 
able experience in the design of high accuracy 
instruments is required to build up and take 
charge of a section for the design and deveiop- 
ment of instruments such as precision gyro- 
scopes. A knowledge of precision mechanical 
engineering allied to light electrical engineering 
is essential. This position is a responsible one 
with an appropriate Salary. Ref. 1142A. Ex- 
Capable of the 


design and development of high performance 


perienced Servo Engineers. 


electro-hydraulic servo-mechanisms. Applicants 
should be of degree standard and have had 
several years’ practical experience in this class 
of engineering. Ref. 844D. Graduate Elec- 


trical Engineers. Interested in theoretical and 
experimental work on the design and develop- 
ment of high performance servo-control mechan- 
isms. Experience in this field is desirable but 
not essential. Ref. 844E. Mechanical Engineers. 
Graduates or H.N.C. 


and experimental 


interested in theoretical 


work on the design and 
development of high pressure hydraulic and 


fuel systems. A _ variety of work on novel 
developments offers wide scope for initiative. 
Ref. 1136A. 


Pensionable Salaries 


All these positions offer Good 
and Excellent 
C.P.S., 336/7, 
quoting the appropriate refer- 

W 2660 


Prospects. 
Applicants should write to Dept. 
Strand, W.C.2, 


ence number. 








THE ENGLISH ELECTRIC CO. LTD., Luton, 
have two Senior vacancies for Physicists or 
Light Current Engineers for development work 
on a Guided Weapon Project: (1) Graduate 
familiar with digital and/or analogue computing 
techniques for project work. (2) Graduate or 
possessing H.N.C. for Flight Simulator Develop- 
ment. Previous experience of electro mechani- 
cal or electronic analogue computors desirable. 
Applications stating age, experience and quali- 
fications to Dept. C.P.S., 336/7, Strand, 
W.C.2, quoting ref. 862D. W 2643 


THE G.E.C. Stanmore Laboratories invite 
applications from graduates for work in the 
following fields. (i) Physicist (First and good 
second class Honours Degree) for design and 
measurement in connexion with important 
defence projects. Applicants shculd have an 
interest in the study of electro magnetic fields 
and —, some experience in electronic 
work. (Ref. EE/DC.1). (ii) Mathematicians 
or mathematical physicists (First class Maths 
Degree) for analytical work in connexion with 
guided missiles. A knowledge of the basic 
principles of theoretical mechanics is essential 
and an interest in servo theory would be an 
advantage. (Ref. EE/DC.2). Applications 
should be made in writing to the Staff Manager, 
The Grove, Stanmore Common, Stanmore, 
Middlesex, quoting the appropriate reference 
and stating age, qualifications and rr: 

61 


TRANSFORMER MANUFACTURERS in 
South West England have a vacancy for a Chief 
Inspector to cover all branches of the Com- 
pany’s activity, including stamping, mass pro- 
duction domestic, and special purpose, trans- 
former divisions. Applicants should have a 
sound knowledge of physics and good experi- 
ence in mechanical and electrical fields, and 
also decided administrative ability. Salary will 
be dependent on the applicant’s experience 
and ability, and on ‘whether the Company 
provides accommodation, but will in any case 
be commensurate with the responsibilities of 
the position, which is of a permanent and 
progressive nature. Apply, in strict confi- 
dence, giving full details of age, experience, 
etc , to Box No. 1805. 

U.H.F. AND T/V Engineer for the develop- 
ment of components and accessories. Wide 
experience with variety of receivers (e.g. from 
servicing) essential. East London area. State 
see. salary, experience, qualificatfons. Box No. 

1811. 


VACANCIES EXIST in the Plessey Company 
Limited, Ilford, for ambitious young men to 
train as specialists in various aspects of radio 
and television receiver development. Appli- 
cants should be between 23 and 26 years of 
age and should be keenly interested in radio 
or electronics. Previous industrial experience 
is not necessary but a good technical back- 
ground will be an advantage. The prospects 
in these posts are sufficiently good to make 
the vacancies worthy of consideration by men 
having pass or Honours Degrees in Physics 
or Engineering. Please write, in confidence, 
quoting reference EE/710 giving full details 
of qualifications, experience and _ salary 
required. W 2633 


YOUNG ENGINEERS with good technical 
knowledge and some experience required for 
interesting work in connexion with the design 
and manufacture of scientific instruments. Apply 
to Cambridge Instrument Co. Ltd., 
Road, London, N.10. 





Further “ Situations Vacant’? advertise- 
ments appear in display styleon pages 77, 
78 and 86. 








SITUATIONS WANTED 


DIPLOM INGENIEUR for telecommunication 
(1953) Vienna Technical University, Austrian 
Subject, seeks position with progressive firm. 
Available for interview as staying at present in 
this country. Box No. 1827. 

EXECUTIVE ENGINEER, age 42, fully quali- 
fied Civil and Mechanical, with Electronic and 
Instrument knowledge and considerable experi- 
ence as a technical Director, seeks wider scope 





to utilize his engineering, commercial and 
administrative ability. W 1817 
INDIAN (26), B.Sc. Hons (Eng.), seeks an 
| in a design office. Write Box No. 





FOR SALE 


A HIGH VACUUM Impregnation Unit—to 
R.L.C. Specification 214 or individual require- 
ments. Good deiivery at competitive prices from 
Blickvac, 505, Lordship Lane, E.22. Forest 
Hill 7089. W 166 





MAGSLIPS at 1/10th to 1/20th of list prices. 
Huge stocks. Please state requirements. K. 
Logan, Westalley, Hitchin 1744, Herts. W 116 





CLASSIFIED ANNOUNCEMENTS 
continued on page 10 
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FOR SALE (Cont'd.) 





MAGSLIPS, IPOTS, SELSYNS and many other 
instruments for qutomatic control and electrical 
computation systems available ex stock from 
Servotronic Sales. See our advertisement on 
Page 86 W 2647 


MINIATURE BALL BEARINGS, Steel Balls, 
Stainless Steel and Phosphor Bronze Balls. 
Prompt delivery. Distributors: Insley ee 
Ltd., 21/22 Poland Street, London, W.1. 

GERrard 8104 and 2730. Ww 55 


SINE-COSINE RESOLVERS (3” Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Ex - inquiries in- 
vited. P. B. Crawshay, Pixmore Way, 
Letchworth, Herts. w 133 
WEBB’S 1948 Radio Map of the Seta new 
multi-colour printing with up-to-date call signs 
and fresh information; on heavy art paper 
4s. NT post 6d. On linen on rollers a e., 
Post 





SERVICE 


CORNER REFLEX CABINETS for Goodmans 
12-in. Loudspeakers from £10 Os. Od. Cabinets 
and Cases made to order. Call or Write. A. 
Davies & Co. (Cabinet Makers), 3 Parkhill 
Place, off Parkhill Road, London, N.W.3 
(GULliver 5775). W 1812 


GLASSBLOWING. High Vacuum, Chemical, 
Glass-Metal Seals, Research Apparatus. Proto- 
type or long runs. Capacity available. 

Stanley, 129, Lower Addiscombe Road, Croy- 
don. ADD. 7193. W 1691 


MANUFACTURERS. As specialists in all t 

of Sheet Metal Work for the Radio and Elec- 
trical Trade we are able to quote you very keen 
prices for a high — = Intensalite n 
and Fixture Co. Ltd. Leo 3 Street, Bir- 
mingham, 12. F <t., Vic. W 1684 


PLATED NUTS, Screws aimen Bolts, 
Soldering Tags, Hank-Bushes, Self-ta tapping 
screws, Grub-screws, Socket-screws, 

screws. Large quantities or gross cartons. 

Stamp for list. Sinden Components, Limited, 

Dept. A. ee Churchfield Road, men W.3. 

ACOrn W 1732 





SUB-CONTRACT facilities available, Radar 
sub-chassis, etc. Short or long runs. Complete 
assembly unde-taken to specification. ot & 
Co., Byfleet, Surrey. W 1796 
TECHNICAL WRITING. Manufacturers’ tech- 
nical manuals and handbooks, etc., prepared 
for press and publication. Radio light mechan- 
isms and allied subjects. Box No. 4 





EDUCATIONAL 





Song POLYTECHNIC, Borough Road, 
S.E.1. Crystal Valves and Transistors. A 
Seni of six lectures will be given on Tuesday 
evenings 7-9 p.m. commencing Tuesday, 20th 
October, 1953. Fee for the course £1 10s. Od. 
Fundamental Principles of Pulse Techniques. A 
course of sixteen > _ be held on 
Monday evenings . commencing 
Monday, 26th October, 1953. Fee for the 
course £3 Os. Od. ‘For further particulars 
apply to the Secretary. W 181 
BRADFORD EDUCATION COMMITTEE. 
Technical College, Bradford. Department of 
Electrical Engineering. Session 1953-54. Full- 
time courses, extending over three or four 
years (according to entry qualifications), are 
provided in the Department and prepare for 
the Diploma of the College, and for the Engin- 
eering Degree Examination of the University 
of London. The final subjects offered include 
Electrical Machines, Electric Power, Electrical 
Measurements, Electronics, Telecommunications, 
Strength of Materials, Thermodynamics, of 
which any four may be taken. Registration for 
full-time courses will be held from 22nd to 25th 
September. Courses begin on 28th September. 
Further particulars may be obtained from the 
Principal, Technical College, Bradford. W 2651 


CITY & GUILDS (Electrical, etc) on ‘‘ No 
Pass—No Fee ’’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches “ Ba ee Technology send for 
our 144-page ndbook—Free and post free. 
B.L.E.T. ay M3370), 17 Stratford Place, 
London, W.1. W 142 
FREE. Brochure giving details of courses in 
Electrical Engi ae and Electronics, covering 
A.M.Brit., I. ity and Guilds, etc. Train 
with the Postal tinting College operated by 
an_ Industrial Organisation. Moderate fees. 
E.M.I. Institutes, Postal Division, Dept. EE29, 


43, Grove Park Road, London, W.4. (Associate 
of H.M.V.). W 2808 





LECTURES. BATTERSEA POLYTECHNIC. 
London, S.W.11. Electrical Engineering Depart- 
ment. A three-year evening course comprising 
lectures, tutorial and practicals on Servo- 
mechanisms by Mr. J. K. Lubbocks, B.Sc.(Eng.) 
(Lond.), Mr. R. A. King, M.A. (Cantab.), under 
the direction of Dr. G. L. d’Ombrain, Ph.D., 
D.LC., A.C.G.I., M.Am.LE.E., M.1LE.E., Con- 
sultant and Head of Department. Commences 
on the Sth October at 6.45 p.m. and on suc- 
cessive Monday evenings through the session. 
Particulars and enrolment forms on app.ication 
to the Department. W 1815 








PATENTS 


IT IS DESIRED to secure the full commercial 
development in the United Kingdom of British 
Patents Nos. 605621—626624—626857 and 
640234 which relate to ‘* Electronic Trans- 
mitters for Electrical “=n Devices,’ 
‘Measuring Devices such as }arometers,’ 
** Fluid Flow Direction Indicators,” Li =... 
ing and Transmitting Devices ’ either by way 
of the grant of licences or otherwise on terms 
acceptable to the Patentee. Interested parties 
desiring copies of the patent specifications 
should apply to Stevens, Langner, Parry 
Rollinson, 5 to is _— Court, Chancery 
Lane, London, W.C W 2638 








BUSINESS OPPORTUNITIES 


ELECTRONIC ENGINEERS (London) stock, 
lant, goodwill and connexion for dis; b 
fficient technical staff willing to remain. 
Approx. £1,250 involved. Full details R. J. 
Bolton & Co., George Street Chambers, 
Staines, Middlesex. W 1814 














PHILIPS 


222 @ way to 


solve vibration problems 


The illustration shows the GM5§20 (bolted to the 
generator) and the GM5526 pick-up (held in the 
hand) being used to detect vibrations caused by the 
motor when power for the welding plant is being 
generated. The vibrations are measured by means of 
the calibrator unit GM5522 and indicated on the 


oscilloscope GM3156. 


By means of the change over switch GM5525 the 
vibrations picked up by the GM5§20 can readily be 
compared with those detected by the GM5526. 


INDUSTRIAL X-RAY EQUIPMENT + ELECTRONIC APPARATUS 
LAMPS AND LIGHTING EQUIPMENT - ARC AND RESISTANCE 
WELDING PLANT AND ELECTRODES - MAGNETIC FILTERS 


BATTERY CHARGERS AND RECTIFIERS - H.F. HEATING 


GENERATORS - RADIO AND TELEVISION RECEIVERS 
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@) PHILIPS ELECTRICAL LTD. 


INDUSTRIAL DEPARTMENT 
CENTURY HOUSE « SHAFTESBURY AVENUE * LONDON W.C.2 


(P.1.273) 
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A COMPLETE TRANSFORMER 
SERVICE TO THE ELECTRONIC 
EQUIPMENT MANUFACTURER 

















THE NEW ‘PENTLAND’ SERIES RESIN CAST TRANSFORMERS AND CHOKES 


Complete assembly sealed in resin block—suitable for incorporation in every type of 
electronic equipment—designed to meet, at low cost, the stringent requirements of 
Specification RCS 214—saving in weight and volume—suitable for power, signal, pulse 
and high voltage applications—designed to individual specification. 





“H” SERIES “K” SERIES “Mm” SERIES 


—hermetically sealed —impregnated open —hermetically sealed 
oil-filled components. type “C” core con- miniature type for 
*C” core construc- struction, conforming power and signal 
tion conforming with with RCL 216. applications. 

RCL 215. 


PERRANTI 


Enquiries to Technical Sales Dept. : 
FERRANTI LTD , CREWE TOLL * EDINBURGH 5 


ES/T 3 
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THE AUTOMATIC COIL WINDER & ELECTRICAL/EQUIPMENT CO. LTD. 
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The 


Saunders-Roe 
Displacement 
Indicator 


This instrument and its associated pick-offs 

have been designed to afford a degree of stability and 

linearity of calibration at least as good as that of a 

: mechanical extensometer. In addition the maximum 

possible measuring flexibility and adaptability have been incorporated. It is’ normally supplied for 

two channel working but additional channels up to a total of six can be made available if desired. 

Displacement is indicated as deflection on a panel mounted 0-1 milliameter and additional facilities 
are provided to connect the output stages to suitable direct recording equipments. 


THE PICK-OFFS 

In order to secure linearity of calibration within 
a wide working range, the pick-off unit consists electrically of a 
constant impedance inductive half-bridge unbalanced by move- 
ment of a magnetic material in proximity to the inductive 
elements. Whilst this system is considerably less sensitive in 
terms of mechanical displacement/electrical output than the 





conventional differential transformer, it does provide extremely 
good linearity over a wide range, which is considered to be a 
prime feature in this type of equipment. The pick-offs may be 
used singly or in pairs. Paired use is a particularly valuable 
application, for instance, in process control, where dimensional 
monitoring is required in the absence of a convenient datum, An Inductive Pidh-off 
e.g. plastic extrusion, wire drawing, foil rolling, etc. 
GENERAL SPECIFICATION 

The instrument is engineered to the standard of robustness necessary for general industrial use. All 
electronic circuits are carefully stabilised against mains supply variations, and components are of high quality 
and stability. All Sales are subject to the Company’s Standard Conditions. 





INSTRUMENT z PICK-OFF 


Dimensions: Height: 10.5 in. Length: 17 in. Depth: 9 in. Dimensions: ... ... ... Length: 2.35 in. Dia: .go in. 
Welt es) cio sia Bs ese ses 9305 Ib: (25.3 kg.) Mounting flange: 1.30 in. dia. 

Power Supply: ... ... 115 230 volts, 50-60 c.p.s.A.C. Weight: ... ... ses see eee nee 57.5 Grams. 
Measuring frequency and range: ... Max. 600 c.p.s. Weight of moving element: see eee nee 2.5 grams. 
Measuring ranges:... ... ...  0-.005”, eords 0-.050". 

Other ranges eveliable: seh jreme leks, eke. ane. ee 


SAUNDBBS rt P sasha Lh 4 WW 


ELECTRONICS DIVISION 


OSBORNE * EAST COWES * ISLE OF WIGHT 
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. . . with safety in the hazardous enterprise 
of the deep sea trawler is its radio and 
radar equipment upon which safe navigation 
depends. Thousands of soldered joints 
contribute to the efficient functioning of 
this delicate apparatus. One dry or H.R. 
joint could mean the breakdown 

of a circuit, the destruction of the 

vital link, a perilous voyage. 


uperspeed 





Vital Link... 


FAULTLESS FLUXING PRESERVES THE VITAL LINK 


Dry or H.R. joints are impossible with Superspeed for the flux is always 
released in exactly the correct proportion. This faultless fluxing action is 
achieved by the unique STELLATE core which gives six 
points of rapid solder collapse. At soldering temperature 
the activated rosin flux is released immediately for effec- 
tive spreading and wetting. Superspeed is being used more 
and more in the production of radio and radar equip- 
ment where faultless joints are essential. 








“WHITE FLASH” ACTIVATED ROSIN-CORED SOLDER 


for general electrical, electronic and telecommunication work and 
all standard uses. A.I1.D. and G.P.O. approved. Complies with 
M.O.S. Specification DTD 599. In all standard tin/lead alloys, 
10-22 s.w.g. Also available in a range of coloured cores, indispens- 
able for simple intermediate and final inspection and circuit or 
operator identification. Samplesof Superspeed and the comprehensive 
Superspeed booklet gladly sent on request. Technical advisers are 
available for free c ltation 





Cored and solid solder 
rings and solid solder 
washers supplied to cus- 
tomers’ specifications. 














wanuactuneo ay THe Ht N'Y HI (VEN GRouP 


Marketed by Enthoven Solders Limited, Enthoven House, 89, Upper Thames Street, London, E.C.4. Tel. Mansion House 4533 
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EEC. 


Germanium Triode GET I 


POINT CONTACT TYPE 


now available 
to all electronic 
equipment 


manufacturers 














I | 
tr 
! | 
iapnbilidiiaiimebaaie ! 
is BASE EMITTER 
T 
-------- COLLECTOR 
(oveo a.ue 
8- \ 
\ 
7 100 mw 
Sma \ LIMIT 
6- . 








COLLECTOR CURRENT mA(I,) 








<2mA 
T 1 Lu ' t ye ' T — Te ae 
wif -10 -200 -%0 -% 8 -50 
<3V COLLECTOR VOLTAGE (V,) 


Many progressive designers have 

made full use of the range of G.E.C. germanium 
diodes to save power consumption and space. 
Now the release of the GET 1—a 

germanium triode (transistor) of the 

point contact type — will enable more designers 
to reap the benefits of this important development 
in radio and electronic engineering, where the 


potentialities of the GET 1 are manifold. 


For further information write to 
Osram Valve and Electronics Dept., 


RATING 


V.. (coHector voltage) for short- 
circuit stability at V,=0* -30 max. V 


V, (DC) -50 max. V 
I, (collector current) DC 15 max. mA 
Top (operating temperature) gomax, °C 
P, (collector dissipation) 100 max. mW 


Subject to p, max. not being exceeded. 


*V.=emitter voltage. 


CHARACTERISTICS 
at V.= -30 } 2 max. mA 
c¢ 1, (emitter current)=0) | average mA 
V (at 1.=2 mA) 3 max. Vv 
|.5average V 
a fat V.=-10 2 = min. 
ge | 1, range O-ImA 2.5 average 


GENERAL The GET | is hermetically sealed 
in a metal can, which is insulated from the 
electrodes. The can may be earthed when 


necessary. ‘ 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 
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Marconi Television for Italy 








A B.E.A. photograph 


The largest export order for television equipment placed in Britain has 
been awarded to Marconi’s Wireless Telegraph Co. Ltd. by the Italian 
State Broadcasting Corporation. 

The order includes large complete studio centres at Milan and Rome, 
O.B. units for Rome, and medium power transmitting stations at 
Rome and Pisa. 

This order follows those for television installations in the U.S.A., 
Canada, South America and Thailand. 

Marconi high power or medium power transmitters and high power 
aerials have been installed in every one of the B.B.C.’s television 
transmitter stations. 


74 kW vision transmitters 


23 kW sound transmitters 
js Marconi Image Orthicon Cameras 


| + Come sd statis MARCONI 


® Two mobile O.B. television units, 


complete with micro-wave links. television transmitting equipment 








MARCONI’S WIRELESS TELEGRAPH COMPANY LTD - CHELMSFORD - ESSEX 
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The natural 





radtoelements 














RADIUM * Even in these days of man-made isotopes the historical 
RADON natural radioactive elements are still indispensable to 
the physicist, the radiotherapist and the technologist 
RADIUM D ‘st 
in industry. Here at the Radiochemical Centre we have 
POLONIUM a long experience of these materials and are now 
MESOTHORIUM applying to their production many of the new tech- 
S RADIOTHORIUM niques developed in connection with pile-produced 
\ isotopes. Thus we are able to supply the natural radio- 
\ THORIUM X ' ‘ ‘ ; 
\ elements in a purer state and a wider range of physical 
. THORIUM B forms than ever before. 
\ . ’ 
N AS Q-emitters, as GB -emutters 
\ 
\ as Y-emillers, as neutron sources, 
\ as emanating SOUCES 
‘ 

* (Appliances containing over 1 mg. of radium are supplied to United Kingdom institutions 
only on loan. For owners or suppliers of radium elsewhere we supply appliances and undertake 
their loading. We also recover radium from old appliances.) 

For further information please write to:— 
THE RADIOCHEMICAL CENTRE, AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 
cS aE II ea ee 
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GQ HtW 


RECEIVER 


. . » developed fo British Post Office 
Specification 


T= new Independent Sideband Receiver type 
GFR §52 is designed for operation on long-distance, 
point-to-point, short-wave radio links forming part of the 
international trunk network. On independent sideband 
working, the GFR §52 provides facilities for the reception 
of two single sideband signals, each 6 kc/s wide, one 
above and one below the frequency of a reduced-level 
pilot carrier. Each sideband will accommodate either 
two 3 kc/s wide telephony channels, or several voice 
frequency telegraph channels. The GFR 552 may also 
be used for reception of single sideband or double 
sideband transmission. In the case of the second 
application this receiver offers two advantages: firstly, the 
absence of non-linear distortion which occurs in normal 
D.S.B. receivers when signals are subjected to selective 
fading conditions; and, secondly, the ability to select 
upper or lower sideband for demodulation, dependent 
upon which is freer from adjacent channel interference. 
The circuit and chassis layout of the GFR 552 closely 
follows that of the Mullard Receiver GFR §51, which was 
based on a British Post Office design (Receiver, Radio 
No. 22). 
Special features of the GFR §52 include a high order of 
oscillator stability and freedom from cross-modulation 
through which cross-talk between channels or inter- 
modulation between wanted and unwanted signals 
might occur. A brief technical summary is given below. 
More detailed information supplied on request. 


FREQUENCY RANGE—4-30 mc/s. 

NOISE FACTOR—tetter than 7 db over the band. 

SIGNAL TO NOISE RATIO—z5 db for 4 microvolts peak sideband 
input over the band. 

SELECTIVITY— The response is flat within 2 db for sideband 
frequencies between 100 c/s and 6000 c/s. At 10 kc/s from the 
carrier frequency the response is —60 db relative to the pass band. 
AF.C.—The A.F.C. system operates effectively with a pilot 
carrier level of —26 db relative to 1 microvolt (which corresponds 
a a r= sideband level of 1 microvolt and a signal to noise ratio 
of 15 di 

NONLINEAR DISTORTION— Third order intermodulation products 
which might result in cross talk between sidebands do not exceed 
—50 db relative to the sideband levels. 
OUTPUT— Variable up to+-14 db relative to 1 mW into 600 ohms. 


INDEPENDENT SIDEBAND — 
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Mullard 


- SPECIALISED ELECTRONIC EQUIPMENT 


MULLARD LIMITED, EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 


(M1417) 
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* A NEW, BETTER TV TUNER! 





PERFORMANCE 





GAIN 


Power gain of the unit is 24dB. measured from the aerial input to 
the I.F. output, the mixer anode load for measurement purposes 
being |k/ohm shunted by I2pF. As a practical example, using a 
two valve transformer-coupled amplifier with a band width of 
2.75 Mc/s (including sound rejector circuits) an aerial input of 
25 microvolts modulated 100% produces 2 volts p.p. across the 
diode load. 


NOISE 


Noise figure on all channels better than 10.5dB. 


1.F. REJECTION 


Better than 45dB. on all channels at any spot frequency in the 
I.F. channel. 


IMAGE REJECTION 


Better than 60dB. on all channels. 


OSCILLATOR DRIFT 


Measured on channel 5, with stable H.T. supply, for a period of 
two hours after a warming-up period of two minutes, ambient 
temperature increased from 18° C. to 60° C., total drift 30Ke/s. 
Drift, with change in H.T. supply from 160 volts to 230 volts, 
less than 10Ke/s. 


SWITCH RESETABILITY 


Better than 5Kc/s on all channels. 


POWER REQUIREMENTS 


180V 12.6V at .3amps. Heaters are series connected with both 
ends isolated from chassis. 
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“ TELETUNER” 


(TRADE MARK) 


Type TV.5 


5-Channel Switched T.V. Tuning Unit 
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INSTANT and POSITIVE SELECTION by single 
knob control of any one of the five B.B.C. Tele- 
vision channels is the job for which we designed 
this Switched ‘‘ Teletuner.’’ It was the centre of 
great interest at the R.E.C.M.F. Exhibition this 
year, and we are pleased and proud to present these 
further details. 


The Cyldon TV.5 ‘* Teletuner ’’ comprises a pentode R.F. 
amplifier stage and a double triode frequency changer, 
channel selection being accomplished by the switching of 
incremental inductances. More constant performance over 
the television band is thus obtained by avoiding the tracking 
difficulties inherent in the infinitely variable type of tuner. 
Ease of handling by the user and rapid conversion as alterna- 
tive transmissions become available are further important 
advantages of this unit. 


f ‘ 
ne ee oe ee ee 
Fog Ro Es os 





Underside view of Cyldon TV.5 “‘Teletuner,’’ with casing removed. 


Another new Cyldon ‘‘ Teletuner’’... Type TV.12, a 
12-channel Tuner which performs the functions of RF 
amplifier and frequency changer of a television re- 
ceiver. Write for booklet TV.1953 giving full details. 











SYONE 





BOWE 1110 Cestrectors to Miastry of Sunply, 
> AL Office. end other HM Government fue) 


cc 
9 C 


CAMBRIDGE ARTERIAL ROAD: ENFIELD’ MIDDX. Enfield 2071-2 
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Intro c i bol ry a further additions to the range of 


Clarostat ' 
Wire-Wound 


Controls 


All Clarostat controls are manufactured with 
high-grade bakelite cases of rugged 
construction. Solder tags are heavily silver- 
plated and of special design, removing 

all danger of turning or loosening under 


















TYPE 58 (Dual) 


Two controls in . 
tandem operated hes | 
by a common > 
spindle. Each 
control wound 
to any resistance 


up to 100,000 operating conditions. The controls are fitted with 
ohms linear. metal dust-covers which are firmly keyed into the 
Diam. 1%’. 


bakelite casing and connected to the fixing bush, 
thus providing automatic earthing of cover. Samples 
available on application. 


Total depth of case 
1};”. 





TYPE 58 


Conservatively 
rated at 3 watts: 
aioe available up 

to 100,000 

ohms linear. 

Diam. 1 3”. 
Depth of case: 
38”. Spindle 
diam. }" (insul- 
ated), Length to speci- 
fication, Angle o/ 
rotation, mechanical 300°. Effective 
280°. 












TYPE 43 (Dual) 


Any two controls of 

specified value can be 

4 mountedin tandem operated 

by acommon spindle. Diam. 1%’. 
Total depth of case: 1?;". 















All controls can be supplied with 

special windings and closer tolerances 
to specification. Single and double 
pole ‘ on-off’ switches can be supplied if required. 


TYPE 43 


A compact control with a con- 
servative rating of 2 watts. 
Available up to 25,000 ohms 
linear. Diam. 1%’. Depth of 





WHOLESALERS 
Clarostat wire-wound Potentiometers are supplied with a 
spindle 2}in. long with full-length flat, individually packed 
in stout printed two-colour cartons. Delivery is prompt. 
Write for details of very attractive trade terms. 


Length to specification. Angle of rotation, 
mechanical 300°. Effective 280°. 











+ Regd. Trade Mark 


| 
CLAROSTAT METAL PRODUCTS LIMITED. 


16, Berkeley Street, London, W:!. 
Phone GROsvenor 5206/7 
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INDUSTRIAL ENEMY No. |! 





Is DUST your BLACK SPOT ? 


a MARCONI “UNIVERSAL BRIDGE”’ 
PROTECTED BY A 


ae DENBAR 


7) 














y) YEARS’ P. V. C. (DENLON) CONTAINER 
TEST | Sealed by FLEXIGRIP patent fastener 
| ee 
COVERS - PACKAGES - CASES | 
ALL WELDED 
Plastics by DENBAR 7. 
—— FARRINGDON HOUSE, pois 
— 132-146 CURTAIN ROAD, LONDON, E.C.2. Sere 
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The “Belling-Lee” ‘“Minitrip” 


A Unique Circuit Protection Device 


This simple cut-out has been expressly designed for radio and television receiver circuit protection, 
but it has many other obvious applications in electronic equipments and instruments. 


The initial pressure of the bi-metal clip and the amount of tension on the spring have been chosen to 


fulfil the following requirements :— 


(a) To remain in contact when carrying the rated current and when subjected to bump and 
vibration tests in accordance with specification R.I.C.11. 

(6) To remain in contact under normal rated conditions with surrounding temperatures up to 
50° C.—thereby making the operation independent of ambient temperatures, winter or 


summer. 


The thermal inertia of the heater and bi-metal strip assembly in this type of cut-out, will enable it 
to withstand approximately forty times its rated current for 1/50th of a second, without deterioration 
or change in performance, and without opening the circuit. 





The “ Minitrip ” will deal with normal overloads, 
i.e., where the rise in current does not exceed 
1,000 per cent, but in the very rare occurrence 
of a short circuit resulting in an overload greater 
than 1,000 per cent, the “ Minitrip” will still 
protect the associated apparatus but by its own 
destruction. 


The thermal inertia of the “ Minitrip” also 
permits harmless overloads of a few thousand per 


cent which persist only for a few seconds. The 
cut-out must also be capable of dissipating consider- 
able spark energy ; for it may often be used in a d.c. 
circuit including a fairly large inductance. The 
dissipation in the heater winding in all ratings is 
rather less than 0.4 watt. 

Supplied in ratings 0.100, 0.150, 0.200, 0.250 and 
0.300 amp. to 2.0 amps. inO0.100 amp. steps. Ambient 
temperature 35° C. working. 


For details of the “ Minitrip”’ and other circuit-protection devices, please write for Catalogue P347/EE. 


We cordially invite you to inspect our Stand No. 102 at the Radio Show. 











BELLING ¢ LEE LTD 














CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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Introducing the 


Advance 
Magnetizer K.I. 






The latest Advance product, the new 
K.1 Magnetizer, offers outstanding 
advantages to users of permanent 

magnets, its small size and low cost 
/ being important features. 

o When magnets are used as component parts 

, of equipment, the importance of magnetiz- 

ing at the last possible stage of assembly 
cannot be too strongly emphasized, as the 
large proportion of rejects due to storage and 

i handling is then eliminated. 

| The K.1. Magnetizer will process all materials in 
/ current use and the simplicity of its operation 

makes it ideal for use on the production line. 























Why not write today for your 
copy of Folder $/20M which will / 


tell you more about the Advance / 


Magnetizer K.!. 
ADVANCE COMPONENTS LIMITED, BACK ROAD, SHERNHALL ST., WALTHAMSTOW, LONDON, E.17 
Telephone: LARkswood 4366/7/8 Telegrams: Attenuate, Walt, London 
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27M1 High Vacuum photo-multiplier 


WITH HIGH RESPONSE IN THE VISIBLE REGION 





Because of its high 
sensitivity, low noise level, low dark 
current and freedom from distortion, 
the Ediswan Mazda 27M1 may be used 
for light operated relays, for film 
scanning, facsimile transmission and in 
scientific research involving low light 
levels: and in many applications its 
small size is an advantage. The 27M 1 is 
capable of multiplying very small 
currents produced under weak illu- 
mination by an average value of one 
million times when operated at 100 
volts per stage. - 
The resultant output current is a Ei Type Gol-A 
linear function of the exciting illu- j 
mination under normal operating con- j 
ditions. Since secondary emission occurs jf instantaneously, the frequency re- 
/ sponse is flat up to the frequencies 
at which transit time becomes a 
' limiting factor. 
y £ A particular application of the 27M1 
photo-multiplier is in the Muirhead 
Phototelegraphic Transmitter, type 601-A 
Sar oqlt cates of ation aa chet where its above-mentioned properties enable 
d a compact and highly efficient instrument to 
ij be obtained. 
G 





Muirhead Phototelegraphic Transmitter 


TENTATIVE CHARACTERISTIC CURVES 











he 




















a RATING 
\ Maximum Anode Supply Voltage (volts) 1,100 


Maximum Potential Anode/Secondary 
cathode K10 (volts) 120 


Maximum Anode Current (mA) 1.0 


Cathode x1 sensitivity (uA/lumen) +10 
(Vk 1=0, all secondary cathodes joined at 100 volts) 




















a 
> 





a 
S 
— 








RELATIVE SENSITIVITY 








* With respect to cathode. 
+ The sensitivity is on the basis of a lamp colour 
2 temperature of 2700°k and a light area of 4mm x 20 mm 


\ 
© Further details of the 27MI1 and other photo- 


4000 $000 6000 7000 Itipli ilabl t 
WAVELENGTH R muitipiiers are available on request. 


EDISWAN 


MAZDA 
THE EDISON SWAN ELECTRIC CO. LTD., 155 Charing Cross Road, London, W.C.2 


Member of the A.E.I. Group of Companies 

















































































We SHALL BE AT The 


ADIO SHOW 
EARLS COURT 
SEPT. 2-12 








RV32 
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All the facts— 
All the time 


Pen-pointed by 
EVERSHED 


Efficient production programmes can only be based 
on accurate details of plant operation, and such 
precise details are best obtained by the use of 
Evershed Recorders. 


Evershed Recorders measure electrical quantities, 
such as current pressure, power, frequency, power 
factor ; mechanical quantities such as speed or 
water level ; or plot automatically on a time basis 
a given operation, or a combination of an operation 
with a quantity record. 


Fixed or portable, they can save man-power by 
operating in any unattended position. Single or 
multi-pen, they will record one single operation 
or a number of operations which it is desired to 
compare. 








There is a wide range of 
Evershed Recorders and special 
instruments can be designed to 
meet unusual problems. They 
are described in detail in 
Publication EE222. 


ENGINEERING 
MARINE & WELDING 
EXHIBITION 


& THE CHEMICAL 
PLANT EXHIBITION 


| OLYMPIA, LONDON 








SEPT. 3rd-SEPT. 17th 1953 








Stand No. 5 Row Q 


EVERSHED 





ACTON 


Telephone : Chiswick 3670 
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EVERSHED 


LANE WORKS, 
Telegrams : Megger, Chisk, London 








A few of the many purposes for which Evershed 
Recorders are now being used : 


New Zealand Railways keep a permanent 
record of shunting operations and thus study 
the most efficient methods. 


The Post Office Engineering Dept. records 
the volume of telephone traffic. 


The British Electricity Authority records the 
output of generators, consumer demands, 
purity of boiler feed water and other valuable 
data. 


Water and sewage undertakings keep accurate 
recerds of the number of pumps in operation 
at any time. 


Railways and tramways use _ Evershed 
Recorders to carry out traction tests. 











CHISWICK, LONDON, W 


Cables : Megger, London 
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CENTRALISED INFORMATION AND CONTROL FOR PRODUCTION EFFICIENCY 


& VIGNOLES LIMITED 


4 


6/2 


ELECTRONIC ENGINEERING 











TAPE 
RECORDING 


This new Tape Recorder has double track facilities which make it ideal 


for simultaneous recording of data from two sources. The basic unit is 
supplied to run at any two standard speeds in a ratio of 2:1, and can be 
fitted with yarious combinations of single and double track heads as required. 
A single gated lever controls all tape movements, including forward syn- 
chronous running, and forward and reverse spooling at a speed which is 
infinitely variable up to 300 inches per second. The time indicator, cali- 


brated in seconds, is fitted as standard. Frequency response at 30 i.p.s. 





* 
50 c.p.s.—25 Kes; at 15 i.p.s. 50 c.p.s.—15 Kes. 
For further details write to Recording Division, 
BAIRD TELEVISION LTD., LANCELOT ROAD, WEMBLEY, MIDDLESEX 
(a RRR ARR oo Oe NM RS RL i RN RANI NT RAR NTIS. 
C.P.W. ® 
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“Now you can buy it in England. 
‘ 
The Regulated Power Supply 






that is easy to use, compact and reliable. 


‘em Combined with figures of stability and 


ripple which are really excellent this gives 


* 


you an instrument with widest applications 


to laboratory and production tests. 


You may have hesitated earlier because 
there was no service organization in 
England, but now there is one, although 
we know that it is not very likely that 


you will need it.” 






CARL. O. OLSSON, SWEDEN 


Type LS7C 





Positive, continuously variable 0 - 450V D.C. 200mA. 


Line stabilization : 10mV - 25mV change in output for a 10% change in 
line voltage (depending on output voltage setting). (0°005%). 


§ 

; Load stabilization : 0:1 - 0°2V change in output for no load—full load change 
(depending on output voltage setting). 
4 
,) 
) 
i) 
§ 


Ripple : 0-SmV R.M.S. at 200mA. 
b. ¢ Negative, corresponding figures are: 160V D.C. 30mA, 10mV, O°15V, 
O'SmV. 
c. § Negative, derived from b, high impedance, continuously variable 0 - 150V, 
0'2mA. The potentiometer is logarithmic. 
d. ¢ 6°3V, 4°5A. 
e. 6°3V, 1°SA. 
Input : 220V and 117V, 50 - 60 c/s. . 
Weight : 9 13kgs. (29]bs.). 
Dimensions: § 200 x 240 x 340mm. (8 x 94 x 134 inches). 
, LS7C uses long-life selenium rectifiers. The steel cabinet is of unusual 


construction and very well ventilated to provide reliable functioning. 
Available for standard rack mounting. 


Please ask for quotation from :— 


BERNARD GORE LTD., 
20 Essex Street, Strand, London, W.C.2. 


Telephone TEM 9911 
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C&L ALL LD 


Manufacturers of 


Non-Ferrous Sand Castings, Brass, Naval 
Brass, Brazing Metal, Gunmetal, Phosphor 
Bronze, Aluminium Bronze, High Tensile 
Manganese’ Bronze, High Conductivity 
Copper, “Hilchil’ Chill Cast Phosphor 
Bronze Bars, Cored and Solid. 

Sand Castings in all Aluminium Alloys, including 
Heat-treated Alloys, Aluminium Alloy Gravity 
Die Castings. 


Wood and Metal Pattern Shop. Fully Approved 
Laboratory and Test House with Inspection 
Organization. Facilities for Radiology. 
Specialists in Development and Quantity 
Production of Castings for Radar. 


C&L HILL LTD 


Stringes Lane, Willenhall, S. Stafis. 


Tel: Willenhall 227 Grams: Hill 227 
(4 lines) Willenhall 


Branch Werks: Wednesfield Road, Willenhall 


MEMBER OF THE OWEN ORGANISATION 


ELECTRONIC ENGINEERING 28 





Casting in 
Aluminium Alloy 


(approx. weight 208 lbs.) 


Both our Foundries are available for Prototype Work 


WhiteAd.2619A 
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Photograph by courtesy of Gresham Transformers Ltd. 


Where solder does — 
an (mpotjany job... 


the electronic engineer relies on Enthoven and to customers’ specifications. ‘*Telecene”’ 
= 


products. Here a transformer is safely sealed liquid activated rosin based flux made by 
in its case with Enthoven solid solder wire, Enthoven is the ideal fluxing medium for pre- 
just one of hundreds of different tinning and dip soldering. 


finishing operations successfully Our technical advisers and lab- 


completed with Enthoven solders. 
Enthoven Tinmans, Blowpipe, 
Ingot, and Solid Wire Solders 


are supplied to B.S. 219 — 1949 


oratory staff are available for free 
consultation. Technical data, 
descriptive literature and samples 


will be gladly sent on request. 








ENTHOVEN souves excnucrs 


_ SOLDERS LTD., 89 UPPER THAMES ST., LONDON, E.C.4 — Phone : MANsion House 4533 Telegrams: ENTHOVEN PHONE en 
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PORTABLE TEST SET 


TYPE D-30-A 





HIS versatile instrument is equally useful for general resistance measurements 
T; the laboratory or for applications in the field. Completely self-contained 
and portable, it may be used for Wheatstone bridge measurements or for Varley and 
Murray Loop tests on communication circuits. Provision is also made for isolating 
the galvanometer, battery and balancing arm so that they may be used externally or 


replaced by other components. 


FEATURES 


Useful range of I to 10,000 ohms (0.01 Special galvanometer gives highest sensi- 
ohms to 1 megohm with external gal- tivity near zero. 
vanometer and/or battery). 


Accuracy +0.2% or better over most of 
range. 


Employs standard 3V flashlamp battery. Weight only 12 lbs. 


Mounted in portable hardwood carrying 2 
case. 








MUIRHEAD & CO. LIMITED - BECKENHAM ° KENT - ENGLAND 
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GENERAL SPECIFICATION 


SUPPLY VOLTAGES : 100-120 volts and 200-250 volts A.C. §0 c.p.s. 
(60 c.p.s. by special pulley). 


TAPE SPEEDS; 33” and 7}” per sec: Alternatively 73” and 15” per sec. 

SYNCHRONOUS CAPSTAN MOTOR giving long term speed 
stability of 0.5%. 

TRACK WIDTH: 0.1” displaced to one edge. 

NUMBER OF TRACKS: 2 accommodated side by side. 

RUNNING TIME (50 c.p.s. supply) 30 mins at 7}” per sec, pro 
rata for ether speeds. 

REWIND & WIND-ON TIME: Less than 1 min. for full reel. 


FREQUENCY RESPONSE: At 7}” p.s., 50-11,000 cycles and 
correspondingly increased at higher speed. 


INPUT IMPEDANCES AND LEVELS: A. Line Input—6oo ohms. 
Balanced, by P.O. Gauge B jack via built-in isolating transformer. 
Minimum signal level 0.07 volt peak. : 

B. Microphone Input—1 megohm unbalanced, or using external 
plug-in matching transformer, 25 ohms balanced. Minimum 
signal level .oo2zv at high impedance socket. 


Equipment 
Type YDC 





A simultaneous 
dual-channel 


Recorder | Reproducer 


. . Offering special facilities to those 
engaged in analysis problems in the medical, 
aeronautical and scientific fields. 

Besides the fairly normal ability to record 
time pulses on one track and intelligence on 
the other, it will become immediately obvious 
that comparative measurements, stereophonic 
sound and indeed any two activities capable 
of translation into electrical phenomena within 
the frequency and phase shift limitations, can 
be recorded and replayed simultaneously. 

It is also possible easily to convert the 
equipment for endless loop working so that 
the last few minutes of any activity are recorded 
for ultimate continuous replay and analysis. 


OUTPUT IMPEDANCES AND LEVELS: A. Main Output—6oo 
oO) Balanced. P.O. Gauge B jacks. 1 watt available into 
external 600 ohms if necessary. B. Monitor Loudspeaker—1 watt 
to internal 5” speaker. Can be switched out if desired. 


SIGNAL TO NOISE RATIO: A. In the range 200-8000 cycles, for 
I watt main output (full depth recording) 50 D.B. approximately, 
B. Unweighted signal to noise, better than 40 D.B. 


DISTORTION: At 1 watt output, 400 c.p.s. less than 5% total, 


“WOW” AND FLUTTER (expressed as change in tape velocity) : 
Less than 0.2% at 7}” p.s. 


ERASE AND BIAS FREQUENCY: 51 K/cs nominal. 
FINISH : Light battleship grey, British Standard Colour 631. 
SIZE: 24” x15” x 36” high. 


WRIGHT & WEAIRE LTD 


LONDON -: 





L 138 SLOANE STREET - S.W.1 + Telephone: SLOANE 2214/5 
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SIGNAL (GENERATORS 


for the frequency range 30 c/s - 30 Mc/s 


L.F. SIGNAL 
GENERATOR TYPE 702 


Frequency Range : 30 c/s—30 kc/s 
Stability : +0-05% +0°5 c/s. 


Output: A screened and balanced transformer 
enables balanced, unbalanced and fully floating 
outputs to be obtained 


@ Attenuator: A 600 ohm constant impedance 
attenuator provides steps of 20, 40 and 60 db of 
attenuation under all output conditions 





@ Output Level : 100 mW into 600 ohms or 15 volts 
open circuit 


THLE. SIGNAL 
GENERATOR TYPE 701 


Frequency Range : 30 kc/s—30 Mc/s 


& 
@ Output Level : Constant to within 1 db over entire 
frequency range 


@ Output Impedance: 75 ohms + 10 ohms on the 
Odb step of the attenuator and 75 ohms + 3 ohms 
on all other Settings 


@ Attenuators: A slide wire and step attenuator 
calibrated both in db and volts open circuit enable 
the output to be reduced to 1 microvolt 


@ High Output: A signal voltage of from 5-20 volts 
is available from a high impedance output socket. 







The L.F. Signal Generator Type 702 may be connected to the H.F. 
Signal Generator Type 701, to enable signals over the complete frequency 
range 30 c/s to 30 Mc/s to be obtained from the output plug of the 
latter instrument. 


Full details of these or any other Airmec instruments will be forwarded gladly upon request. 


AIRMEC HIGH WYCOMBE — BUCKINGHAMSHIRE — ENGLAND 
ee foe a Me ee ee Telephone: High Wycombe 2060 Cables: Airmec High Wycombe 
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PERFORMANCE WHICH EQUALS THAT OF 
U.S.A. TYPE 807, PLUS ZX7XA ADVANTAGES 
WITH THESE WEW MINIATURE Srondord VALVES 


The scope of that ubiquitous valve, the 807 has been 
’ greatly extended by the introduction of these new Standard 


types. Little more than half the size of the 


electrode assemblies are more compact ... stronger and more 
rigid ...and their glass bulbs less vulnerable. Thus, both 
mechanically and electrically, they offer a new high standard of 
reliability. Shorter grid and anode leads, glass base with 
miniature-type pins, reduce inter-electrode capacity and im- 


prove performance at the high frequency end 


This, together with their small size, 
makes them particularly suitable for 


use in mobile equipment. 





The range of three valves 


offers a choice of heater voltage: 


normal 807, their 


of the scale. 
























5B/254M 5B/255M 5B/257M 

double-ended single-ended single-ended 
6-3V 6.3V 12V 
0-9A 0-9A 0-47A 
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those of high altitude and anode modulation. 


33 ELECTRONIC ENGINEERING 


Where the overall seated height must be kept as low as possible, the 
single-ended type 5B/255M may be used under conditions other than 


Please ask for very informative data sheets 


VALVES 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


RADIO DIVISION: Oak!eigh Rd., New Southgate, London, N.!1 





Fora 
Full Life 















The trend 
is strongly to 





Vacuum furnace for high-quality " 
brazing of components for cathode 
& ray tubes, etc. - 


New products, improved products, reduced costs daily build up the 
impulse to production processing with the aid of Kinney, High 
Vacuum Pumps. Large scale manufacture of electric lamps and cathode 
ray tubes, lens coating, drug production, metal sintering, typify 
innumerable applications which ‘ go one better’ on existing products and 


make profitable propositions of other, quite new ones. 


ENERAL ENGINEERING 
- CO (RADCLIFFE) LTS - 
. 7 





GENERAL ENGINEERING CO. (RADCLIFFE) LTD., Station Works, Bury Road, Radcliffe 
Telephone RADcliffe 2291/3 (3 lines) London Office: 3rd Floor, 9 Victoria Street, London, S.W.1. Tel.: ABBey 5278 
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Eleetronie 
Instrument Racks 












Your delicate and expensive 
Electronic Equipment deserves 
worthy housing. H. H. Cabinets and 
Racks add, to unique design and 
precision craftsmanship, the crown- 
ing merit of superb finish. Specialists 
in the production of precision sheet 
metal work, for many years, we are 
admirably equipped to _ provide 
cabinets to your own specification, at 
prices which, while allowing for a 
high standard of craftsmanship 
throughout, are extremely reason- 
able. 

Our Design and Development staff 
is always at your disposal. May we 
serve you ? 





We also manufacture precision components 
to users’ designs :—All types of Valve Screens, 
Coil Cans, Chassis, Panels, Condenser Mount- 
ings, Valve Mountings, Loud Speaker Chassis, 
and pressings and sub-assemblies in any metal. 


H.H.110 
Overall Height 697” 

Width 224” 
Depth 26’ 


Hassett € Harper lid 


REGENT PLACE - BIRMINGHAM - | 


CONTRACTORS TO GOVERNMENT DEPARTMENTS. Tel: CENtral 6418 (4 lines) 
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A portable indicator for 
the measurement of strain 











© DIRECT CALIBRATION IN 
MICRO-INCHES PER INCH 


© EXCITATION FROM INBUILT 
BATTERY OR A.C. MAINS 


© NULL-BALANCE ACCURACY 


ELLIOTT PORTABLE STRAIN INDICATOR 
This robust new instrument combines the accuracy of 
null- balance measurement with the convenience of 
portability and is thus equally suitable in the laboratory or in 
the field. The balancing dial is calibrated directly from 
0—20,000 micro-inches per inch. The null-balance indicator 
is scaled 50—0—50 micro-inches per inch. A socket for 
C.R.O. connection is also provided for the observation of 
dynamic strain. A gauge factor control enables the use 
of the instrument with gauge factors between 1.7—2.2. 


E(LIOTT 
STRAIN INDICATORS 





As, 





OTHER ELLIOTT EQUIPMENT FOR THE 
MEASUREMENT OF STRAIN INCLUDES: 





10-CHANNEL STRAIN DISPLAY EQUIPMENT 

For the simultaneous display of amplitude 

or, alternatively, of waveform of dynamic 

strains at ten different points, on a single 
cathode-ray tube. 


3-CHANNEL SELF-BALANCING BRIDGE 
This instrument is designed for precision 
measurements in wind tunnels and incorporates 
three measuring bridges, each of which is 
maintained in balance, continuoysly, by a 
servo system. Robustness and reliability are 
outstanding features of the equipment which 

gives rapid response to small changes. 


LOAD CELLS 


Hermetically sealed units for the measurement 
of compressive forces from 10 cwts. to 200 tons. 
Magnetic amplifiers and a self-balancing bridge 
indicator are available for use with load cells in 
laboratory and industrial applications. 











ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LEWISHAM, LONDON, S.E.13_ .- TIDEWAY 3232 
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FUINTS WORK 


This tiny but important meter 
train by Ferranti Limited, is not 
only an example of the fine 
precision work carried out by 
that famous organisation but also 
demonstrates the way in which 
*Duralumin”’ can assist in de- 
velopments in the electrical field. 


The construction is largely in 
*Duralumin”’ manufactured to 
very fine tolerances and its use 
means that less power is required 
to drive the train, the accuracy of 
the meter thereby being increased. 


“Duralumin”’ is one of a com- 
prehensive range of light alloys 
developed by James Booth & 
Company Limited, and these 
modern materials are being 
increasingly used with great 
advantages in electrical engin- 





eering and electronics. Our 
Development Department will 
always be pleased to offer advice 
entirely without obligation. 





io UURALUMI 


REGO. TRADE MARK 


by FERRANTI 


JAMES BOOTH & CO. LTD ARGYLE STREETS WORKS - BIRMINGHAM: 7 














QT 


BIRMINGHAM 
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R. C. OSCILLATOR 
AND AUTOMATIC 
FREQUENCY MONITOR 


U | 


} 
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An instrument of exceptionally high accuracy and stability —the output 


frequency of which is automatically measured and presented in decimal notation 


/ 


> a. 
UY 


Range 10c/s to 100kc/s 

Accuracy +0.005% 

Output 0 to 30 volts r.m.s. metered 

Attenuator 0 to 110db in ldb steps (constant 6000) 


D 


The equipment will measure any frequency in the range 10c/s to 





ag 100kc/s and any time in the range 10usec to 10‘sec both to an accuracy within 
Ls +0.005%. It will also count up to a maximum rate of 10° pulses/second. 
GIWEMA-TELEVISIOW LImrreD 


A Company within the J. Arthur Rank Organisation 
WORSLEY BRIDGE ROAD : LONDON - SE26 
Telephone HiTher Green 4600 


SALES AND F. C. Robinson & Partners L'd., Hawnt & Co., Ltd., Atkins, Robertson & Whiteford Ltd., 
SERVICING AGENTS 287 Deansgate, Manchester, 3 59 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2. 
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We offer technical service 

in fans for electronic purposes. 
The assistance of our engineers is 
readily available. 


Eleven sizes of Aerofoil fans 

are available: 43in. to 48 in. diam., 
in geometric progression. The fans 
and motors are made 

completely in our works, 

backed by 44 years’ 

experience. 





Dare you risk failure in valve cooling? 

Then remember that Aerofoil fans offer electronic 

engineers the same reliability that has made them the choice 
for mines, ships and numerous industrial applications. 
After all, it takes long experience and large resources to 
make fans and their motors that are completely dependable. 
Hence Aerofoil fans are used everywhere by engineers 

who play safe. Services specifications can be fulfilled. 

Ask to see samples. 


Aerofoil rans 


FAN PROBLEMS ANSWERED. You will find a mass of 
helpful information on all aspects of fan design and performance, 
system resistance, cooling, etc., in Woods Practical Guide to Fan 
Engineering. 227 pages, 143 diagrams and illustrations, 

61 tables, 33 charts, 9”x 6”. Strongly recommended by 

the technical press. Price post free 10/6. 


WOODS OF COLCHESTER LTD., Braiswick Works, Colchester. 


Fan manufacturers since 1909. AN ASSOCIATE COMPANY of THE GENERAL ELECTRIC CO. LTD. of ENGLAND 
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EXCLUSIVE TO STENTORIAN 


*A GREAT ADVANCE IN 


Prov. Pat. 
0037/53 


What the 
experts say 


F.J. CAMM: A great advance in speaker 
technique. I have consistently specified WB 
speakers over the past quarter of a century 
because WB engineers always seem a step ahead. 
Your latest design, with its extraordinary fre- 
quency response and with its new cone technique, 
is just the speaker I have been looking for. 
Constructors will now know what high fidelity 
production really means. 
Congratulations on an outstanding advance. 


JOHN GILBERT: Within the first few 
revolutions of a standard 78 r.p.m. gramophone 
record, I realised a new thrill in high fidelity 
reproduction. When one considers that the 10” 
unit only costs £3.13.6 this is a remarkable 
achievement, for tt has an extremely smooth 
response curve completely devoid of resonances. 
The extreme bass was very clean without any 
hang-over, whilst the middle and high frequency 
response produce a well-balanced characteristic. 


H. J. BARTON-CHAPPEL : Remembering 
the earlier marked advances made in WB 
speakers, it was refreshing to find that your 
engineers had not rested on their laurels. Your 
latest development is a big step forward in 
providing realistic, quality reproduction without 
a corresponding rise in price. 

The use of the special cambric material has 
resulted in an extension of the bass response which 
is truly remarkable. The overall fidelity and 
sensitivity of this instrument place it in a class 
on its own, and you can feel justly proud of 
your achievement. 





LOUDSPEAKER DESIGN 
which adds 


to listening 


AT REMARKABLY LOW COST 


* In 1928 we produced the first commercial Permanent 


Magnet Loudspeaker. 
In 1933 we originated the Nipermag magnet system. 
In 1935 we introduced the first series gap magnet system. 


In 1939-45 Wartime development of many special loud. 
speakers. 


NOW with the introduction of Stentorian High Fidelity 
Units, we can offer a quality of performance that is unmistakable 
and inimitable, at a cost which compares favourably with similar- 
sized units selling at popular prices. 

This new range has been developed to take full advantage of 
the television sound transmissions and high fidelity recordings now 
available. The cone is made from uncured cambric and bonded 
pulp, the whole being completely cured together and made into one 
composite cone by a new manufacturing process. 

The bass resonance is substantially lower than that using the 
conventional cone, and all coloration is therefore removed from the 
lower frequencies. No tiring or fatigue of the surround takes place. 
The high frequencies are well maintained, which together with the 
extended bass response, provides a well balanced overall response. 
The speakers are all fitted with high flux density Alcomax magnets 
and are completely dustproof. 

For sensitivity, smoothness and vivid realism, these new models 
worthily uphold a fine tradition. Try one yourself and hear the 
difference. Write for leaflet giving full technical details. 


See and hear them on Stand 109, Radio uw 


—enlorian 


HIGH FIDELITY UNITS 


MODEL H.F.610. 6” Steel unit, incorporating 10,000 
gauss magnet. Handling capacity, 3 watts. Frequency response, 
60 c.p.s.-12,000 c.p.s. Bass resonance, 70 c.p.s. Price £2.10.6. 


MODEL H.F.810. 8” Steel unit, incorporating 10,000 
gauss magnet. Handling capacity, 5 watts. Frequency response, 
50 c.p.s.-12,000 c.p.s. Bass resonance, 65 c.p.s. Price £3.0.6. 


MODEL H.F.912. 9” Die-cast unit, incorporating 12,000 
gauss magnet. Handling capacity, 7 watts. Frequency response, 
40 c.p.s.-13,000 c.p.s. Bass resonance, 45 c.p.s. Price £3.7.0. 


MODEL H.F.1012. 10” Die-cast unit, incorporating 12,000 
gauss magnet. Handling capacity, 10 watts. Frequency response, 
30 c.p.s.-14,000 c.p.s. Bass resonance, 35 c.p.s. Price £3.13.6. 


Transformer available if required. 


WHITELEY ELECTRICAL RADIO CO. LTD 
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Vans, Trains...and 


You've no idea what a difference it makes 
to a really sensitive article — an egg, say, or 
a scientific instrument — to be nicely 


cushioned against bangs and buffets, in 


Rubazote. This highly resilient expanded 


— rubber can be cut to almost any shape you want. 


Consisting of innumerable non-intercommuni- 

cating gas filled cells, Rubazote offers 

the double cushioning effect of air and 

rubber combined, and is impervious to 

moisture. It is used for lining a large variety of 

packs and containers already, and we have a suspicion 
that it could be used for a great many more. 


May we send you particulars? 


RUBAZOTE 


for really protective packaging 


x * * Mitcham Road Croydon 
PHONE: THORNTON HEATH 3622 
WOQRKS:CROYDON AND DUNDEE 


SUBSIDIARY OF 
TRE BRITISH XYLONITE COMPANY LID 
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4 UNIT OF ACHESON 
MOUSTRIES imc, 





A smooth, conducting layer of ‘dag’ colloidal graphite is easily applied to any surface by brush, 
spray or dip. It has a high black-body factor and is readily de-gassed. It is widely 
used as : 
A coating for grids and anodes, giving lower working temperatures and less secondary emission. 
An external screen and internal electrode for cathode-ray tubes. 


%A cathode material, transparent to radiations, for Geiger counters. 


‘dag’ colloidal graphite is available dispersed in water, alcohol, acetone, aromatic hydro- 
carbons, etc. 


7 information in Publication 98, available free from - 


uct NOW sie today for full technical qa 


ACHESON COLLOIDS LIMITED cco. tance wane 
3: PALE MALL, LONDON, 3.7.1 
Phone: WHitchall 2034-7. Grams: OILDAG, PICCY, LONDON DISPERSIONS 


also ACHESON COLLOIDS COMPAN Y, Port Huron, Mich., U.S.A. 
TAS/AC.37 
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THESE ARE OUR PRODUCTS 











the rivnut 







SOY KOO OY NIN 


The sixth and last in this series of advertise- 
ments devoted to our products, the very 
essence of the Rivnut is its versatility. You can 
fasten with it and to it—or do both at once. 
You can use it as a blind rivet or nut plate, 
or both. Strong, light and really simple to use, 
the Rivnut can be upset with a simple tool 
entirely from one side of the work, and 

is threaded internally to provide an 

additional firm anchorage to which 

further attachments may be made. 


This series of advertisements may serve to give some brief 
indication of the scope of our organisation, and our range of 
products. And everything we make reflects the experience of 
over a quarter of a century devoted to achieving the highest 
standards of, quality and service. 





LINREAD LhD-COYX ST:+BIRMINGHASM 
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ELECTRONIC 


GUD HIGH TENSILE STEEL SOCKET SET SCREW 6 BA x 1/4” 


CUYD HIGH TENSILE STEEL SOCKET SET SCREW 5/8” x 4” 


Whenever 
you meet an 
Unbrako Socket Screw 
whatever its size _ 
you are mecting 
something 
tough. 


Available for immediate delivery. 
Send for free samples. 


UNBRAKO SOCKET SCREW CO. LTD. 


Manufacturers of Unbrako standard socket screws 
and special screws to A.D. requirements. 
Please send us your enquiries. 


COVENTRY ENGLAND 
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Securely locked 
without a jitter” 


In the measurement of dynamic phenomena Nagard 
Oscilloscopes possess many interesting refinements 
that give them a special place in research equipment. 

In time base synchronization, for instance: an 
oscilloscope trace must be quite steady and free from 
** jitter ’’ or double trace effects if accurate measure- 
ment or photography is to be possible. Nagard Oscillo- 
scopes represent a major advance in this respect. 
Unlike most oscilloscopes, no manual synchronising 
control is needed to get steady pictures, the locking 
action being virtually automatic. 

So precisely designed are Nagard instruments that 
any signal big enough to see will synchronise. The 
inherent stability and locking properties are such that 
signal frequencies 300 times greater than the time 
base repetition frequency will positively lock. 

A striking effect is seen as the continuously variable 
sweep speed control is operated, or alternatively if the 
signal frequency is varied, since the trace smoothly 
changes shape, keeping a constant sweep length and 
displaying a steadily increasing or decreasing number 
of perfectly steady waveforms (with no doubling) over 
a range of 20: | change in frequency. 

For Triggered Sweeps the 

Nagard Time Base can 
select a triggering pulse of 
positive or negative sign 
from either the Y amplifier 
or from an external source. 
Sensitive enough to work 
from signals of 0.5 v, it will 
trigger reliably over the 
MILLION TO ONE range 
of sweep velocities provided 
(2” per second to 2” per 
micro-second). 


MODEL L 103 For High Speed Transients. 


MODEL A 103 For Pulse Work and Repetitive 
Signals up to 10 Mc/s. 


MODEL F 103 For General Work at Frequenc- 
ies up to | Mc/s, High Gain D.C. Y Amplifier, 
Excellent Triggering. 


MODEL G 103 As above but with Slow Speed 
Time Base. 


MODEL H 103 ieee, Nts Gain D.C. Y 
Amplifier up to 200 K 


NAGARD 


See what you measure ! 


18, Avenue Road, Belmont, Surrey ViGilant 0345 


SEPTEMBER 1953 
H 








Electronic 
Engineering 


Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD 
Managing Editor H. G. Foster, M.Sc., M.I.E.E. 





Vol. XXV SEPTEMBER 1953 








Centents 


Commentary 


Transistor Circuits and Applications a ne 
By G. C. SzIKLal 


A Band Pass Filter for Low Frequencies 
By G. W. Morris and P. G. M. Dawe 


The Electrical Synthesis of Musical Tones (Part 3) 


By ALAN DOUGLAS 


Control of Thyratrons by Small Signals 


By R. BAILEY 
A Low Frequency Generator for Vibration Testing 


The Vapotron .. ; PA 
By G. ASHDOWN 


The Design of Electromagnets (Part 1)... rp 
By L. R. BLAKE 
Germanium Triode Production 

The Theory and — of Cathode Follower ‘isieaiias 


Stages 
By E. 2. Ems 


Automatic C.R.T. Trace Brightening ae an 
By J. DE KLERK 


A Wide-Range Oscillator for Use with the Mass- 


Spectrometer Probe as Le aa oe 
By R. L. F. Boyp and D. Morris 
A Simple Decimal Counter Using Binary Units 

By W. C. G. SLATTER 


A Method of Inserting ihn into a Television 


Video Waveform 
By ‘i E. ATTEW 


Letters to the Editor 
Book Reviews . Bi 
Electronic Equipment . . 
Notes from the Industry 
Publications Received 





Published Monthly on the last Friday of the preceding month at 
28 Essex Street, Strand, London. W.C.2. 
Telephone : CENTRAL 6565 
Telegrams : ‘ LECTRONING, ESTRAND, LONDON ’ 

Subscription Rate: 
(Home or Abroad) Post Paid 12 months 26s. or $3.75 (U.S.) 
—_—jI_ ———_ 
Classified Advertisements, Page | 
Index to ADVERTISERS, 90 


ELECTRONIC ENGINEERING 








THYRATRONS 
for 
AMERICAN 
EQUIPMENTS 











AMERICAN 


THYRATRONS 











Céj* 
CéJA* } 





MULLARD 
DIRECT 


EQUIVALENTS 





MTS7 


MT105 


MTSS45 


The Mullard thyratrons described below are becoming increasingly popular 
as maintenance types for American electronic equipment. Available in ready and 
continuous supply, these types are directly interchangeable with no less than 
twenty-two American type thyratrons. Furthermore, they provide equipment users 
with the high performance and reliability that is synonymous with the name Mullard. 

Whilst only abridged technical details are given below, more comprehensive 
information, including characteristic curves, is available on request. 





PRINCIPAL CHARACTERISTICS OF MULLARD TYPES 


























Max. Max. 
tite a ges 
Gaseous Forward Inverse 
Cathode Current Current 
Filling (A) (A) Voltage Voltage 
(kV) (kV) 
Cold Rare-gas 0.025 0.1 0.26 0.24 
Thermionic Rare-gas 0.1 0.8 0.65 1.3 
i eel Mercury - 
Thermionic vapour 0.5 2.0 2.8 8.0 
a Mercury- 
Thermionic vapour 28 15 1.0 +1.0 
rar Mercury- 
Thermionic vapour 6.4 40 2.5 2.5 
Thermionic Rare-gas 3.2 40 1.5 1.5 
Thermionic Rare-gas 6.4 80 15 18 








* The Mullard valve is a near equivalent of 
this American type. 


MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVTI37 


+ 15 kV for 
up to 75°C 


-Mullar 





ELECTRONIC ENGINEERING 46 


SEPTEMBER 


condensed mercury temperature 


1953 





| 





EPT 
to 
electro 
The 
the of 
Septerr 
tors FI 
meetin, 
of Scie 
At t 
the im 
year th 
tunity | 
of the 
duced ; 
tion of 
hours « 
time, t 
prograi 
televisi 
standar 
will be 
televisi 
not on 
picture 
The 
well re 
of radi 
electror 
various 
One 
terest i 
demons 
It is a. 
which | 
normal 
horn! 
Othe 
radio te 
full siz 
by the 


At tk 
13 Sept 
commu 
bited a 


SEPTE 








$$ grees 


Electronic 


Engineering 





Vol. XXV 


SEPTEMBER 1953 


No. 307 


Commentary 


re ee promises to be a month of great interest 
to the engineer and all concerned with the radio and 
electronic industry. 

The industry’s exhibition season reaches its climax with 
the opening of the Radio Show at Earls Court on 2 
September, while the Society of British Aircraft Construc- 
tors Flying Display opens on 7 September and the annual 
meeting of the British Association for the Advancement 
of Science is being held at Liverpool from 2 to 9 September. 

At the Radio Show the main emphasis will be, as at 
the immediately preceding shows, on television, and this 
year the general public will be given an even greater oppor- 
tunity than previously of seeing, at first hand, the workings 
of the BBC. In previous years the control room has pro- 
duced a closed circuit programme to enable the demonstra- 
tion of television receivers to take place throughout the 
hours of the exhibition every day. This year, for the first 
time, the BBC is arranging to stage, twice daily, small 
programmes which may be transmitted from their national 
television network—an undertaking that will require a high 
standard of technical competence. Another innovation 
will be the use of a cinema size television screen in the 
television studio so that the audience will be able to see 
not only all that happens on the studio floor but also the 
picture as finally transmitted. 

The more serious aspect of the industry will also be 
well represented by a number of exhibits showing the use 
of radio and radar as a navigational aid and the use of 
electronic equipment as a means for the controlling of 
various processes in industry and commerce. 

One exhibit which will doubtless cause widespread in- 
terest is in the form of an outsize toy, but it nevertheless 
demonstrates very ably the use of radio as a control medium. 
It is a working model of a Churchill bridge-laying tank in 
which the radio control enables it to carry out any of its 
a movements, including the sounding of a Klaxon 

orn! 

Other notable exhibits will be a scale model of the 250ft 
radio telescope which is being built at Jodrell Bank and a 
full size, 25ft, guided missile as used for research purposes 
by the Royal Aircraft Establishment. 

* * * 

At the SBAC flying display at Farnborough from 7 to 
13 September a full range of airborne and ground station 
communication and navigational equipment will be exhi- 
bited and, in addition, a phase of the electronic industry 
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that has expanded greatly during the post-war years will 
be well demonstrated. This is the measurement and, 
perhaps more important, the instantaneous and continuous 
recording of physical quantities such as strain and torque. 
The aircraft industry being itself comparatively young has 
adopted modern electronic methods of measurement and 
analysis more readily than the older established branches 
of engineering, and judged from the advances in aeroplane 
design and construction in recent years, there can be no 
doubt as to the soundness of this policy. 

* x * 


When visiting the wide variety of exhibitions held during 
the course of the year it is gratifying for all connected with 
the science of electronics to see the ever increasing num- 
ber of industries in which electronic equipment in various 
forms is playing a vital part. These exhibitions must, how- 
ever, impose a considerable strain on the manufacturers 
of electronic equipment, and it may be that there is a 
danger of expending too great a proportion of the industry’s 
resources in this way. 

& * * 


The third event is of a more academic nature although, 
as has been proved in the past, it can have great practical 
benefits. This is the annual meeting of the British 
Association for the Advancement of Science and it is, 
possibly, of greater interest than usual to electronic 
engineers since the President is Sir Edward V. Appleton, 
G.B.E., K.C.B., F.R.S., one of the pioneers of the theory 
of ionospheric propagation. 

There is one session in section G, engineering, which 
should be of outstanding interest. It includes two papers, 
“The utilization of electronic computors in engineering 
practice’ and “Some aspects of automatic computing in 
aircraft engineering.” Although new developments, such 
as the transistor, will doubtless affect the physical concept 
of these machines, their theory and the necessary circuit 
techniques are now fairly well understood, and what is 
now required is a full investigation into the uses to which 
both the digital and analogue types of computor can be 
put. The large digital computors, such as those at Man- 
chester and the N.P.L. may have limited use, but it is 
certain that more specialized and, perhaps, smaller 
machines will, in the fairly near future, find wide appli- 
cation in various fields of industrial and commercial 
activity and any new thoughts on this subject should prove 
of value. 
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Transistor Circuits and Applications ' 


By G. C. Sziklai* 


Transistors have characteristics not found in vacuum tubes. Some of these characteristics are 

classified as symmetrical properties, the first kind of symmetry being found in the complementary 

characteristics of n-p-n and p-n-p transistors, the second in the interchangibility of emitter and col- 

lector in single units. Novel circuits are described which by the use of these properties permit 
circuit simplification and considerable reduction in the number of components. 


N the course of 1952 considerable progress has been 
made in the development of transistors and transistor 
circuits. A variety of different types of transistors were 
evolved, mainly because, as new applications were 


investigated, various new characteristics were required. 
Several different types of transistor developed in the RCA 
Laboratories are illustrated in Fig. 1, which shows them in 
comparison to a match stick. The first unit on the left 
is a point contact transistor, the second is a general utility 
junction transistor, and the other three are power trar- 
sistors to handle dissipations up to and above 1 watt. 





Fig. 1. Experimental transistors 


With this array of transistors a number of transistorized 
devices were demonstrated to representatives of industry 
and the armed services in the United States during 
November 1952. In all cases the transistor permitted sub- 
stantial reduction in size and weight, not merely because 
of its own small size, but mainly because of the reduction 
in the number of components which it permitted and the 
reduced power requirements. 

The fact that the transistor could be applied to such a 
large variety of equipments at this stage of its development 
is to a large extent due to the studies of the transistor 
characteristics by a number of workers and their inter- 
pretations of the device as active networks with fairly 
well understood elements. The equivalent-T and -z net- 
work of a 2N34 type transistor are shown in Fig. 2. The 
elements shown are within the theoretical intrinsic tran- 
sistor, but external resistances connected to the intrinsic 
terminals may degrade the performance of the transistor. 
The measurement of all terminal impedances may be easily 
performed by bridge methods such as shown in Fig. 3. 
and it has been found that a satisfactory balance indicated 
by an oscilloscope with square wave input to the bridge 





t This article is a record of a lecture given by Mr. Sziklai at the Royal Society 
of Arts, London, on I July, 1953. 
* RCA Laboratories, Princeton, N.J., U.S.A. 
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will provide impedance values acceptable for a wide 
frequency range’. : 

A transistor circuit, approached from the point of view of 
small-signal analysis, is sometimes found to be an analogue 
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Fig. 2. T and 7 equivalent circuits of p-n-p junction transistor 
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of some vacuum-tube circuit. As a consequence a tran- 
sistor circuit may be found for many vacuum-tube circuits 
by means of duality and analogue synthesis. However 
junction transistors have certain properties which are not 
available in vacuum tubes and which are unique in a 
number of applications’. 


Complementary Symmetry 


One unique property of the junction transistors is that 
there are two basic kinds: n-p-n and p-n-p units. One is 
the symmetrical counterpart of the other, as a hypothetical 
positron tube would form the counterpart of the con- 
ventional electron tube. This is illustrated in the typical 
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Fig. 4. Characteristic of n-p-m or p-n-p transistor 


static characteristic curves of Fig. 4, where the upper signs 
apply to an n-p-n transistor, while the lower signs cor- 
respond to its p-n-p counterpart. The abscissa is the 
potential drop between the emitter and the collector (E,), 
and the ordinate is the collector current (/.) for a family of 
base currents (Jp). 

This property can be used in a number of ways. As the 
base current is changed in the same direction in both 
units, the emitter-collector current flow will increase in 
one and decrease in the other. A pair of these units fed 
from the same signal will, therefore, provide a single- 
ended push-pull output. Fig. 5 shows such a single-ended 
push-pull circuit which operates without a transformer or 
phase invertor. The constants are based on an experi- 
mental set-up using developmental forms of what are now 
the RCA 2N34 p-n-p transistor, and its n-p-n counterpart 
the 2N35. 

One of the features of this circuit is the position of the 
power supply, which is connected between the common 
element of the transistor and ground. As the base current 
is increased (it is made more negative for the p-n-p unit 
or more positive for the n-p-n unit) the resistance between 
the emitter and the collector is reduced and the potential 
at the output circuit will approach that of the respective 
power supplies. Thus if the input swings positive, the 
resistance of the n-p-n unit is reduced, and the top of the 
load becomes negative since, at the same time, the emitter- 
collector resistance of the p-n-p unit is increased. Similarly 
a negative-input swing reduces the resistance of the p-n-p 
unit and increases the resistance of the n-p-n unit and 
increases the resistance of the n-p-n unit thus making the 
potential of the load impedance positive. The amplifier, 
as shown, operates in class-A and provides a gain of 46db. 
The waveforms given in Fig. 6 show the output of the 
individual units with ore unit removed and with both units 
inserted. With both units inserted, the applied voltage is 


Fig. 5. Push-pull transistor amplifier with complementary symmetry 














9V instead of 4-5V; thus the amplifier operates in class-A 
mode, and, since one unit acts as the load for the other, the 
external load impedance may be removed and a high 
voltage gain can be obtained for a number of special 
applications. 

Another application of p-n-p and n-p-n transistors in 
combination is shown in Fig. 7, in which the two comple- 
mentary units form a direct-coupled amplifier. The circuit 
shows only two stages, but the chain can be extended by 
additional cascaded stages using the same power supply. 
Again the power supply is between the common electrode 
and ground. Although the circuit provides a slightly lower 
voltage or current gain than the collector-to-base current 
gain of the transistor itself, and a considerably lower gain 
than would be obtainable with matching circuits, it pro- 





Fig. 6. Waveforms of push-pull amplifier 
Top curve: With n-p-n unit only in circuit. 
Middle curve: With p-n-p unit only in circuit. 
Bottom curve: With both units in circuit. 











Fig. 7. Direct-coupled transistor amplifier 
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Smv in | = 10k $ = : 
os Fig. 8. Class-B push-pull transistor amplifier with complementary symmetry 
vides a simple p.c. amplifier with a minimum number of 
components. A voltage gain in the order of 25 per stage 
Ss was obtained. 

— 4: The complementary symmetry of transistors finds an 
b 4 interesting application in the cascading of push-pull ampli- 
- fier stages. This principle is applied in the two-stage direct- 
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coupled class-B amplifier shown in Fig. 8. This circuit 
draws negligible current until a signal is applied. Unlike 
conventional class-B amplifiers, however, it does not 
require either an input or output transformer. As may be 
observed from its circuit diagram, it does not contain any 
parts other thar the transistors themselves when operating 
from a high-point resistive source directly into a 16-ohm 





Fig. 9. A half-watt class-B push-poll 
transistor amplifier 


loudspeaker voice coil. The low output impedance and 
the stable operation is made possible by the over-all feed- 
back which extends down to p.c. Incidentally this amplifier 
is a very stable p.c. amplifier, and it is unique in that it 
is a zero-centre D.c. amplifier. 

The amplifier was built in one form with two 2N34 
and two 2N35 transistors (specially selected for charac- 
teristics) in’ a small clear plastic case with a four- 
pin base, as shown in Fig. 9. The four connexions 
correspond to the input, output, and the two battery 
terminals. The 2N34 and 2N35 transistors are normally 
considered for applications not exceeding 50mW. In this 
case, however, a maximum R.M.S. power output of half 
a watt was obtained on a short-time basis. Since for speech 
or music, the average power is 10db lower than the 
maximum requirement, and since the amplifier has an 
overall efficiency (power output + total power input for 
both the driver and the output stage) of 50 per cent at 
practically all levels, the unit can be used at the maximum 
R.M.S. rating as an audio amplifier. The power gain of the 
amplifier is approximately 28db. Due to feedback, the 
voltage gain is slightly less than unity. The total distortion 
at the 0:5 watt level is approximately 2 per cent. 


Single-Unit Symmetry 
Transistors display another type of symmetrical property 
fopA 
r 400 
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r 200 














Fig. 10. Test set-up to check transistor Fig. 11. 
symmetry 








1-5V 


Collector 
symmetry in special transistors 


current 


involving a single unit. This characteristic may be best 
described by a simple experiment, using the test set-up 
shown in Fig. 10. A collector voltage with either polarity 
can be applied through a double-pole double-throw switch, 
and similarly the potential applied to the base can be 
varied continuously with either polarity. 

The results of such a test are shown in Fig. 11. The 
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current flowing in the base circuit is shown on the abscissa 
and the emitter-collector current is shown as the ordinate. 
When a p-n-p transistor is tested it is found that some 
emitter-collector current flows in either direction as long 
as negative bias is applied to the base. The extent of the 
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Fig. 13. Collector current/voltage curves for asymmetrical and symmetrical 
transistors 


negative-emitter current may vary from unit to unit; how- 
ever it is present in most cases. 

There is no comparable action in vacuum tubes since 
this would require an anode emitting electrons and a 
thermionic cathode accepting them. With transistors, how- 
ever, a reference to the energy level diagram in Fig. 12 
clearly shows that units with a high degree of symmetry 
can be constructed. This is particularly true for the alloy- 
ing process of transistor making. 
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In Fig. 13 there are two examples showing the variation 
that can be obtained with the alloying technique with 
respect to the single-unit symmetry. The curves are of 
the collector voltage and current family of two units, with 
the upper showing the curves of a unit made deliberately 
non-symmetrical, and the lower representing a symmetrical 
unit*. In both cases the abscissa represents the collector 
voltage, the ordinate the collector current, and the curves 
depart further from the origin as the base currents are 
increased. 

The single-unit symmetry has many interesting applica- 
tions since it provides a fast bi-directional switch, and a 
bi-directional switch can provide a sawtooth current with 
very high efficiency’. A single symmetrical transistor can 
provide this function with a minimum number of circuit 
components and with an efficiency considerably surpassing 
vacuum-tube circuits. Used to provide the horizontal 
deflexion voltage in a television receiver, the basic circuit 
is as shown in Fig. 14. When the base is biased negatively, 
the emitter-collector circuit is closed, and the current 
increases linearly in time according to the relation 

di/dt=Ex3/L 
At some time the positive pulse opens the circuit and the 
energy stored in the inductance will be discharged through 
Ca in an oscillatory manner according to 
Ldi/dt+ (1/Cafidt=0 

Hence 
~ Ex 

V(L/Ca) 


I cos 


t 
V(LCa) 





+ r-P 
Supply 


Fig. 14. Switching circuit for horizontal deflexion 





If the transistor is made to be conductive again at t— VLCa 
(in other words at the half-period of the natural frequency 
of the yoke circuit), the energy is returned into the power 
supply C, through the reverse path of the transistor. 
Current will change again in a linear manner until it 
drops to zero, when the cycle starts again. 

The defiexion circuit, however, has some resistance, and 
the current actually follows the equations 

iR+L di/dt=Exs 

Hence i = (Es/R) (1 —e7**/*) 
This relationship suggests that a correcting input signal, 
which consists of a sawtooth as well as of a pulse, has 
to be applied to the base of the switching transistor, and 
resistive losses must be replaced by the current supply. 


A Symmetrical Clamp Circuit 

A conventional diode clamp circuit is shown in Fig. 15. 
At some given time push-pull pulses (blanking or the like) 
are applied to two diodes connected bi-directionally. The 
diodes connect the grid and charge the coupling capacitor 
to a predetermined potential applied to the centre tap of 
a transformer. After the pulse, the coupling retains. its 
charge. The potential thus applied then forms the A.c. 
axis for the signal until the next pulse comes along. The 
push-pull transformer may be replaced by a triode phase 
splitter coupled through RC networks. 
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A symmetrical transistor connected as shown in Fig. 16 
provides a simple clamp circuit. The circuit requires a 
single pulse (negative for p-n-p or positive for n-p-n 
transistors), which essentially short-circuits the emitter- 
collector path during the clamping interval. 


Modulator and Detector Circuits 


A symmetrical transistor can be arranged to provide a 
simple balanced modulator. The signal to be modulated is 
applied between the emitter and the collector in series with 
a load circuit, and the modulating signal is applied to the 
base with respect to either of the other two electrodes. The 
modulating signal can also be applied between the base 
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Fig. 15. Diode clamp circuit Fig. 16. Transistor clamp 
circuit 
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Fig. 17. Phase detector using symmetrical transistor 
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Fig. 18. Transistor FM detector 


and the centre of the load circuit. Bias voltages can be 
applied in series. with either of the two signals. When the 
absolute value of either of the signals is zero, the output 
is also reduced to zero. 

The symmetrical transistor also provides a phase 
detector in the simple connexion shown in Fig. 17. When 
the signal sources A and B are in phase, the transistor 
conducts only during the negative cycle and,the voltage 
drop across the load will be negative as shown in curve (a). 
When the source A lags source B by 90 degrees, the output 
wave will be as shown in curve (b) and the pD.c. output is 
zero. Between 0 and 90 degrees the ratio of the positive 
and negative excursions and the p.c. output will change 
gradually. The same, condition holds with the opposite 
polarity between 90 and 180 degrees. When the two 
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sources are 180 degrees out of phase, the collector is 
positive. When the base is biased negatively the output 
wave will be shown in curve (c) and the D.c. output is 
positive. At 270 degrees an oscillographic indication as 
shown in (d) is obtained. This trace can easily be dif- 
ferentiated from that obtained at 90 degrees by its 
sequence. The D.c. output or amplitude ratio of positive 
and negative wave may be calibrated directly. 

This type of phase detector can also be used for detect- 
ing the time relationship of a sawtooth and a pulse and 
thus provide automatic phase control in_ television 
synchronizing circuits. 

The phase-detecting principle may also be used in F.M. 
reception. A simple F.M. detector using a symmetrical 
transistor is shown in Fig. 18. The transformer is fed 
directly from a signal generator, the intermediate frequency 
amplifier of a conventional F.M. signal receiver or the like. 
The F.M. signal output of the source appears across the 
base-emitter path of the p-n-p transistor. During the 
positive portion of the wave applied to the base the emitter- 
collector path of the p-n-p transistor is effectively open 
and therefore no current is flowing through the output 
resistor. During each negative swing the emitter- 
collector path is conductive. The opposite relationship 
applies to n-p-n transistors. 

The magnitude and direction of the current flow during 
the conductive periods, however, will be determined by 
the signal developed across the secondary of the trans- 
former. The voltage across the secondary is 90 degrees 
out of phase with the voltage across the primary when 
the applied frequency is equal to the resonant frequency. 
Under that condition the voltage drop across the load 
resistor will be zero, as it was shown in Fig. 17. As the 
applied frequency is changed the secondary voltage lags the 
primary voltage by an angle less than 90 degrees if the 
frequency is increased, or it will lag by an angle more 
than 90 degrees if the frequency is decreased. A reversal 
of the transformer secondary naturally will change the lag 
to a leading-phase relationship. As the phase relationship 
is changed the voltage developed across the load resistor 
will vary in accordance with the frequency modulation. 
It is of interest to note that as the signal amplitude is 
varied the current will tend to remain constant as is 
— by the collector current and voltage curves of 

ig. 4. 


Television Receiver Circuits‘ 


After the discovery and a study of the symmetrical 
properties of junction transistors, several circuits were 
developed which are particularly useful in television 
systems. Parallel with this development some experience 
was obtained with point-contact transistors both in pulse 
and V.H.F. circuits, experience which appeared to be useful 
in television circuits. In view of these encouraging tests it 
was decided to make a general study of transistors in 
television receivers. For this purpose the construction of 
a transistorized portable television set was undertaken. 
The experimental model uses 37 developmental transistors 
and a 5 inch cathode-ray tube and is housed in a cabinet 
13 by 12 by 7 inches. This portable receiver operates on 
a single channel using a self-contained loop, and has a 
total battery-power consumption of 13 watts, more than 
25 per cent of which is consumed by the cathode-ray tube 
heater. 

The signal for operation of the receiver is picked up by 
a loop antenna, mixed with the local oscillator in a pair 
of crystal diodes, and the resulting difference signal ampli- 
fied by six stages of grounded-base point-contact 
transistors. Two second detectors provide independent 
signals for the sync and video amplifiers. Inter-carrier 
sound from the video second detector is amplified by 
four inter-carrier frequency stages and demodulated by a 
ratio detector. The resulting audio signal is applied to 
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an emitter-follower stage driving a complementary type 
push-pull output stage. 5 

The video signal is amplified by a system combining the 
higher input impedance of a grounded emitter junction 
transistor with the high-frequency response of a point- 
contact type. 


VERTICAL DEFLEXION 


The equivalent circuit of the vertical yoke consists of 
a resistance of 65 ohms in series with an inductance of 
45mH. A peak-to-peak current of 100mA is required to 
deflect the beam 3 inches—the proposed picture height. 
Fig. 19 shows the ideal waveforms necessary to obtain 
linear deflexion. 

The waveform to energize the yoke is obtained from a 
synchronized relaxation oscillator using one 2N32 point- 
contact transistor. The operation of this circuit is briefly 
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described by the simplified schematic shown in Fig. 20. 
The application of voltage causes the base of the transistor 
to assume a negative potential equal to the product of the 
base resistor R, and the leakage current across the col- 
lector rectifying contact. 

The emitter voltage is also negative because of the 
current which flows through R, to charge the capacitor C. 
As long as the emitter is more negative than the base the 
conduction through the emitter-collector path of the 
transistor is negligible. As the capacitor becomes charged, 
however, the leakage current increases while the charging 
current through R, falls off exponentially. Eventually a 
point is reached when the emitter is positive with respect 
to the base. The capacitor then begins to discharge ey 
the emitter-collector path. Since the current gain of the 
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Fig. 22. Vertical amplifier 
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transistor is greater than unity the base current increases 
faster than the emitter current, and the action becomes 
self-sustaining and continues until the capacitor is dis- 
charged. The cycle is then repeated. Synchronization is 
accomplished by applying positive pulses to the emitter at 
a rate somewhat faster than the free running rate. 
Voltage waveforms are shown in Fig. 21. The ratio of 
sawtooth to pulse may be altered by changing the ratio 
of the collector resistance to the emitter resistance. 

Fig. 22 shows the three-stage vertical amplifier. The 
first stage consists of a grounded-emitter stabilized 
class-A amplifier using a 2N34 junction transistor. The 
second stage is a grounded-collector power-junction 
transistor which provides the necessary drive at low 
impedance to operate the output stage. Frequency 
selective feedback, provided by R, C, serves to compensate 
for distortion introduced by’ the first two stages. The out- 
put stage consists of a grounded-collector complementary 
symmetrical push-pull amplifier using both a p-n-p and 
n-p-n transistor. . 


HORIZONTAL DEFLEXION 


The use of transistors as the switching mechanism 
results in a simple and highly efficient circuit which 
closely approximates to an ideal switch. In Fig. 23(a) two 
power-junction transistors with their emitters and collec- 
tors cross-connected are used in place of a single 
symmetrical transistor. Fig. 23(b) shows the output 
characteristics of the switching transistors in the “closed” 


Fig. 23. Output characteristics of switching transistors 
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and “open” conditions. The symmetry and low effective 
resistance of the “closed” condition and the high effective 
resistance of the “open” condition are apparent. 

In order to control the output transistors it is necessary 
that their base be returned to a source of negative potential 
while they are conducting, and to a source of positive 
potential while they are cut off. This is accomplished with 
another form of switching circuit employing two tran- 
sistors as shown in Fig. 24. The arrangement, essentially 
a single-pole double-throw switch, has come to be known 
as the “totem pole” circuit. 

During the forward trace of the beam the first transistor 
T, is in a high conduction state because of the large 
negative bias applied through R,, while T, is cut off. The 
bases of the output transistors are thus connected through 
T, to the negative 224 volt supply. When a positive pulse 
is applied to 7, through C,, 7, is cut off and the resulting 
negative pulse across R, is coupled through C, to T7,, 
causing 7, to conduct heavily. For the duration of the 
positive pulse the bases of the output transistors are there- 
fore connected through 7, to the positive 224 volt supply. 

This indicates that pulses occurring at line repetition 
rate and equal in width to the retrace time are necessary 
to operate the horizontal deflexion system. These pulses 
are obtained from an oscillator essentially the same as is 
used for the vertical deflexion, except for the frequency- 
determining components. Amplification of the pulses is 





+22hv -22hv 





Fig. 24. ‘“‘Totem pole” circuit 


Fig. 25. Direct-coupled pulse amplifier 


provided by the direct-coupled complementary symmetrical 
class-B pulse amplifier shown in Fig. 25. 

With no input signal, both transistors are nearly cut off, 
and the output terminal is connected through R, to the 
negative 224 volt supply. A positive pulse at the input 
causes both transistors to conduct heavily and connects the 
output terminal to the positive 22} volt supply through 
the p-n-p unit. With this circuit it is possible to obtain 
approximately 40 volt peak-to-peak output pulses from 
a peak-to-peak input of 0-5 volt. 

The preceding discussion has tacitly assumed that the 
elapsed time between the oscillator discharge and the open- 
ing of the switching transistors is negligible when compared 
to the time for one line retrace. If this were true, driven 
sync could be used. However, because of reactive effects 
associated with the input circuit of the switching tran- 
sistors, there is appreciable time delay between the 
application of a positive pulse and the “opening” of the 
yoke circuit. Experimentally it was found that this delay 
is approximately 15usec, which is about Susec longer than 
the time allotted for horizontal retrace in the video signal. 

One effect of such a delay on the television picture is 
to place a black vertical bar at the right of the screen, 
which corresponds to the horizontal blanking in the video 
signal. In addition, a portion of the left-hand side of the 
picture appears immediately to the right of the black bar. 
Finally, the beam is ‘ngt blanked during retrace and thus 
tends to smear that portion of the picture which does 
appear. It is apparent that an A.F.c. system can com- 
pensate for this delay by re-phasing the horizontal oscil- 


ELECTRONIC ENGINEERING 





R, 
From Horizonte! 2\A/\/ 
Yoke UV 





-22h4v 


From sync Sync 


ior 

















Sync 
Amplifier Syne Amit 
Wer, Fr: To 
LJ ined art Oncilioter 
INTEGRATOR 
A 9 
= 


Fig. 26. Sync channel and A.F.C. circuits 


lator. A simple and reliable transistor a.F.c. system will 
be described in the next section. 


Sync CHANNEL 


A schematic of the synchronizing circuits of the receiver 
is shown in Fig. 26. The sync separator and amplifier 
consists of two 2N34 junction transistors. The first of 
these is connected with grounded base. The emitter-base 
rectifier serves to separate the sync pulses which are 
coupled by the collector circuit to the following amplifier. 
After integration the vertical pulses are amplified by one 
more grounded-emitter stage and are then used to syn- 
chronize the vertical oscillator. 

The horizontal a.F.c. system mentioned previously 
depends for its operation on the symmetrical properties of 
the phase comparator transistor. The retrace voltage pulse 
from the deflexion yoke is integrated by a network con- 
sisting of R, and C,. In the absence of a negative sync 
pulse on its base, the phase comparator functions simply 
as a high resistance and the integrated retrace pulse appears 
as a symmetrical sawtooth wave, its D.c. component having 
been removed by C.. There is therefore no D.c. on the 
base of the frequency-control transistor. 

The operation is unchanged if the horizontal sync pulse 
arrives coincident with the time of zero voltage during the 
sawtooth retrace. If the sync pulse arrives when the retrace 
voltage is positive C, receives an incremental charge 
through the resulting low resistance of the phase com- 
parator. During the time before the next sync pulse, this 
incremental charge drains off through R, and _ the 
frequency-control transistor. A small negative bias is thus 
generated on the base of the frequency-control transistor 
which lowers its effective resistance and causes the 
horizontal oscillator to fire sooner than on the previous 
cycle. The action continues until the sync pulse occurs 
simultaneously with the zero-voltage point of the sawtooth 
retrace. The sequence of operation is reversed if the 
sync pulse arrives while the sawtooth retrace is negative. 


HiGH VOLTAGE SUPPLY 


Because the flyback voltage of the horizontal deflexion 
system is. limited by the transistors, and since no trans- 
former is used, it is not convenient to get the 2000 volts 


Fig. 27. High-voltage circuit 
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D.c. for the cathode-ray tube directly from the deflexion 
system. For this reason a separate system shown in Fig. 27 
was used. This is essentially a two-stage class-B amplifier 
driving a tuned transformer in the output. The negative 
flyback pulse is lightly coupled to the amplifier and causes 
the first transistor to conduct, thereby applying a con- 
duction bias to the output stage. The output transistor, a 
power type, conducts heavily and supplies power to the 
tuned transformer at the horizontal frequency. The choke 
in the base circuit of the output transistor provides a low- 
impedance D.c. path and ensures that any leakage current 
in either transistor does not bias the output to conduction 
except when the system is pulsed. A half-wave selenium 
rectifier and filter provide the 2000 volts p.c. from the 
secondary of the tuned transformer. 


OVERALL DaTA AND TESTS 


The general layout of the receiver is shown in Fig. 28 
The signal channel is built on the vertical plastic shelf 
in the centre of the receiver. The deflexion chassis is under 
the neck and the socket of the cathode-ray tube. Batteries 
are placed on the left-hand side of the plastic shelf, and 
the high-voltage supply is placed beyond the batteries to 
provide the least disturbance to the rest of the receiver. 
The total weight of the receiver with batteries is 27Ib. 
The cathode-ray tube is the 5FP4 type and provides a 





Fig. 28. General layout of television receiver 


3 x 4 inch picture with a highlight brightness of approxi- 
mately 10 foot lamberts. 

The receiver was tested in the North Jersey area and 
satisfactory reception was obtained with the built-in loop 
within an area of approximately five miles’ radius from 
WNBT. With the aid of a simple dipole held by hand 
about seven feet from the ground, satisfactory’ reception 
was obtained out to Elizabeth, N.J., about 15 miles away 
from the Empire State Building. The receiver was also 
demonstrated on many occasions from a re-radiated signal 
of approximately 5mV/metre in Princeton, N.J. This 
sensitivity was not limited by noise and could be increased 
substantially with additional stages or with the improved 
transistors which are now available. 
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A Band Pass Filter for Low Frequencies 


With Special Reference to Electroencephalographic Studies 


By G. W. Morris* and P. G. M. Dawef, M.Sc.(Eng.) B.A. 


The band-pass filter described was developed to deal with frequencies of 8-13c/s and has been used 

to isolate the “ alpha rhythm” in electroencephalographic studies. It is composed of a number of 

RC valve amplifier resonant circuits arranged to give a substantially flat frequency response 

within the limits of the pass band and a sharp cut-off beyond. Two alternative types of circuit 
are described and compared from the point of view of stability. 


HE waveforms recorded in electroencephalographic 

studies have a complex character and usually consist 
of a mixture of low frequency sinusoidal waves together 
with aperiodic waveforms, more in the nature of pulses 
or spikes.” Investigators working in this field have written 
at some length on the difficulties involved in analysing 
and interpreting such waveforms’, and instruments have 
been designed to facilitate this work, for example, by 
providing a complete analysis of the frequency spectrum 
present in the record, over short time intervals. One well- 
known instrument for this purpose is the Ediswan Elec- 
tronic Analyser, described 
by Baldock and Walter*, 
but other investigators have 
developed alternative 
systems®*, using optical, 
mechanical or electronic 
methods of analysis. 

For some purposes, how- 
ever, electroencephalogra- 
phic investigations may be 
conducted in terms of a 
particular physiologically 
significant band of frequen- 
cies, and in making studies 
involving such a band it is 
then of considerable advan- 
tage to be able to record the 
frequencies within that band without their being obscured 
by other frequencies. There are generally considered to be 
four such bands between the frequencies of 0:5 and 35c/s, 
as follows: 


Delta band : 0:5- 3-5c/s 
Theta band : 4:0- 7:0c/s 
Alpha band : 8-0 - 13-0c/s 


Beta Band :14-0- 35-0c/s 


The filter units here described were designed in the first 
instance to aid studies involving frequencies within the 
“alpha” band of from 8-13-0c/s inclusive, but with small 
modifications they can be used for the other bands. 


Requirements 


The ideal band-pass characteristic to be aimed at was 
given as one having an attenuation of 10 times at 
frequencies of 1c/s beyond the band edges, the response 
within the band being as uniform as possible and the phase- 
shift reduced to a minimum. It was also considered 








* Crichton Royal Hospital, Dumfries + formerly Crichton Royal Hospital. 
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Rear view of the complete filter 


important to give attention to the factors determining the 
stability of the overall characteristic, the possibility of dis- 
criminating against ripple voltages and slow variations of 
the H.T. supply, the insertion loss of the filter and the 
overall power consumption. In E.E.G. work it may be neces- 
sary to use 6, 8 or more filters simultaneously, so that 
cost, power consumption, and the facility with which con- 
struction and: adjustment may be carried out are important 
considerations. Finally, the units were required to work in 
conjunction with standard £.E.G. recording equipment 
which requires a push-pull input. 


Method of Construction 


The filters were construc- 
ted by combining several 
resonant circuits of the type 
which utilize resistors and 
capacitors together with 
valve amplification. These 
were tuned to different fre- 
quencies, and the input 
signal was fed to each in 
parallel via a resistance net- 
work, as shown in Fig. 1. 
Two types of filter untits 
were, in# fact, developed, 
differing mainly in the type 
of basic resonant circuit 
employed, and a comparative account is given of their 
performance. In one case the basic resonant circuit con- 
sisted of a 2-mesh RC network giving zero phase shift at 
resonance, together with a two-stage amplifier, as shown 
in Fig. 2(a), while in the other case a 2-mesh RC network 
was used in conjunction with a single stage amplifier, as 
shown in Fig. 3(a). Both these types of circuit have been 
fully described in the literature on RC oscillators and 
resonant circuits’'*, and it is therefore proposed to discuss 
here only the points and circuit details arising out of this 
particular-design and application. 

The method of connecting the circuits, indicated above, 
was chosen in preference to the more conventional method 
of cascading, or top-capacitance band-pass coupling, since 
it gives a somewhat smaller phase shift throughout the 
band, and a more flexible adjustment of the overall band- 
width. Further, an improved band-pass characteristic can 
be obtained with the aid of a push-pull feed to the filter 
or by making use of push-pull output connexions. With 
such anti-phase signals available, two of the resonant 
circuits tuned to frequencies just beyond the edges of the 
band, can be joined fo the paralleling network in phase 
opposition to the other circuits. Fig. 4 illustrates diagram- 
matically how the phase and amplitude of the voltage from 
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each resonant circuit will vary throughout the band and so 
contribute to the overall characteristic. At frequencies just 
beyond the upper band edge, a large leading voltage com- 
portent will be combined with a number of lagging com- 
ponents to give a cancelling effect and a consequent reduc- 
tion in output voltage. The cut-off at the band edges is 
consequently sharpened, and can, in fact, be adjusted to 
give a frequency of infinite attenuation in the manner of 
an m-derived filter characteristic. 
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Fig. 1. General scheme of the band-pass filter, showing paralleling of a 
mumber of resonant circuits 





























Fig. 2(a). The basic zero phase-shift resonant circuit 
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Fig. 2(b). Practical form of Fig. 2(a), using an ECC35 double triode valve 


R, R, C, C, are typical values for a frequency of 7°6 c/s. Actual values 
depend on required frequency. 








Circuit Details and Performance 


Fig. 5 shows the overall response curve and the phase- 
shift characteristic obtained by combining four of the 
resonant circuits of the type shown in Fig. 2(b). The 
individual circuits in this case were tuned to frequencies 
of 7-6, 9-7, 11-3 and 13-6c/s, having Q’s of approximately 
6°3, 4°5, 4-5 and 6-0 respectively. These values were chosen 
empirically to give the best overall characteristic. Each 
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Fig. 3(a). Basic circuit of the single valve resonant network 
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Fig. 3(b). Practical form of Fig. 3(a), using an EF91 pentode valve 


R; R; C, C, are the values required for a frequency af 7°5 c/s, and would 
be varied for other frequencies. 
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Fig. 4. Tilustrating how the phase and amplitude of the voltage from each 
resonant circuit will vary throughout the band and so contribute to the 
overall characteristic 


Fig. 5. Response of phase-shift characteristic obtained by combining four 
circuits of the type shown in Fig. 2(b) 
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circuit used am ECC35 double triode valve, the outputs 
being combined on two 3MQ star connected networks, 
one being fed from the cathode loads and the other from 
the anode loads, giving a push-pull output. The Q values 
were adjusted by means of the potentiometer VR;, which 
controls the overall gain of the circuit, and the level of 
input to each circuit was made variable by VR,. In prac- 
tice it was found that the best overall characteristic was 
obtained by working the two circuits at the band edges 
with somewhat higher Q values and levels of input thar 
in the case of the other circuits. 

With R, = R. = R, and C, = C, =C, the differential 
equation for the grid voltage of V, of the circuit of Fig. 
2(a) is easily obtained from the mesh equations as: 


d?v/dt + (*) dv/dt + pers 


where k is the overall stage gain from the grid of V,, 
to the anode of V, and the parallel combiration of the 
valve internal impedance and load resistance is lumped 
together as part of the series resistance R. This equation 
has complex conjugate roots for values of k between 1 
and 5. From the roots of the equation, the frequency of 
the resonance is given as: 


io V(6k — k? — 5) 
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Fig. 6. Response of filter unit combining five resonant circuits of the 
shown in Fig. 3(b) -_ 


and the Q value of the circuit, when being used as a selec- 
tive amplifier, is given as: 


_ Vk — kK? — 5) 
2° = 8 


hence for Q’s of the order of 5, the amplifier gain is 
required to be about 2°8 times. A considerable amount of 
negative feedback may therefore be used with the circuit, 
serving to stabilize the gain, and hence the frequency and 
Q of the resonant circuit. This is most easily applied in the 
form of current feedback by using large resistors in the 
cathode circuits of V, and V,. 

To secure discrimination against ripple voltages and slow 
changes in the H.T. voltage the stage gain of V, was adjusted 
to unity. With equal anode loads, this arrangement pro- 
vides for equal anode voltage and current swings for V, 
and V., (neglecting any voltage drop in the coupling net- 
work). A ripple signal appearing at the anode of V, 
would then be offset by the ripple signal fed in from the 
anode of V, via the grid circuit of V,. The equal anode 
current swings, in phase opposition to each other, also 
prevent signal voltages from being developed across the 
internal impedance of the H.T. source. 

The operating point for V, was secured by making the 
lower end of the grid- leak, R,, in the form of a potential 
divider across the H.T. An additional resistor R, was con- 
nected between the upper end of the gain control R, and 
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the H.T. line in order to maintain a constant bias voltage 
on V, while varying the circuit Q by means of R;. 

A feature of this circuit is the ease with which a push- 
pull output may be obtained by taking the output from 
across the anode and cathode circuits of V,. This is 
important when it is required to feed the output into 
a balanced £.£.c. amplifier. The insertion loss of the unit 
was measured as 20 times, an acceptable figure since the 
E.E.G. amplifier following the filter is a high gain unit. 

Fig. 6 shows the overall response characteristic of a 
filter unit combining 5 resonant circuits of the type shown 
in Fig. 3(b). These were tuned to frequencies of 7:7, 9:2, 
10°6, 11-8 and 13-9c/s, having Q values of 4-8, 4:3, 4:5, 
4°6 and 4-0 respectively which are somewhat lower than 
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Fig. 7. Variation of frequency with stage gain 
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Fig. 8. Variation of circuit Q with stage gain 


in the other unit. With this circuit, large values of stage 
gain are required in order to obtain Q values of the order 
of 5, and in practice there is a limitation of the Q obtain- 
able as the frequency increases, due to losses in the capa- 
citors. The maximum theoretically possible is given as 
VA/2, where A is the stage gain, but the values which 
can be obtained in practice are somewhat less than this, 
especially at the upper edge of the band. As in Fig. 2(b), 
R, controls the overall gain of the circuit, but in this case 
a change in gain has a larger effect on the resonant 
frequency of the circuit than on the Q, although both 
are affected. (See Figs. 7 and 8.) The optimum circuit Q 
is given from the differential equation of the circuit® as: 


Q=VA/2. 





1 
1+ V[Ro/(R,+R;)] .......- 
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where 
R.R 
R — Sages 
Re + Ra 
while the resonant frequency is given as: 
1 





1 3VICICAR: + RMR, + ROI F 

Fig. 7 compares the variation in resonant frequency 
with stage gain for the two circuits, and Fig. 8 gives a 
similar comparison for the variation in circuit Q with stage 
gain. 
Stability Considerations 

It can be estimated from equation (3) that at a Q value 
of 5, a 1 per cent rise in the overall 


gain will produce approximately a 15 
per cent rise in the Q of the circuit. 


adopted, the effects of current feedback had to be 
minimized by using a small cathode resistor and passing 
the current from the screen potential divider through it 
in order to develop the necessary bias voltage. With this 
small amount of feedback it was calculated that a 1 per 
cent change in amplifier gain will result from approxi- 
mately 1 per cent change in valve 4, or a 3 per cent change 
in valve Ra, and, in practice, can be produced by 0°5 per 
cent change in heater supply voltage. The EF91 valve is 
a miniature tube and the variation in stage gain with heater 
voltage over the range of from 5-0 to 7:5 volts in this 
particular circuit is found to be very considerable, and to 
follow an approximately linear relationship. With respect 
to variations in H.T. supply voltage, however, the circuit 
can be made very stable provided that the screen voltage 
is carefully chosen. 


TABLE 1 


Comparisons of the overall stability of the two units with changes in mains supply voltage 





Similarly, from equation (2) it may be 


estimated that a 1 per cent increase in A.C. | PERCENTAGE H.T. La. PERCENTAGE OF BAND COVERAGE 
overall gain will cause a 0-15 per cent MAINS | OF NORMAL | VOLTAGE | VOLTAGE FULL OUTPUT (c/s) 
VOLTAGE] MAINS AMPLITUDE 


change in resonant frequency. From 
equations (4) and (5) it can be esti- 
mated that for Q’s of the order of 5, 
a 1 per cent change in stage gain will 
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cent. Thus the Q of the single-valve 248 100-0 
circuit is inherently more stable with 
respect to stage gain than the 2-valve 260 104-8 
circuit, although the frequency stabi- 
lity is somewhat worse. 

KV 





T Rot R( itn) 
Fig. 9. Equivalent circuit of two-stage filter 


At first sight it would seem as though the two-stage 
2-mesh circuit will be highly unstable with respect to Q 
and output amplitude when compared with the single-stage 
2-mesh circuit, although more stable than the latter with 
respect to frequency. However, Fig. 8 and equation (3) 
do not give the complete picture of the operating con- 
ditions. In the first place, the true equivalent circuit of 
the two-stage 2-mesh circuit is as in Fig. 9. From this it 
is apparent that as the valve mu increases due, say, to a 
‘ise in H.T. voltage, so also does the effective internal 
impedance of the valve V., which is raised by current 
feedback to an amount [R, + R.(1 + 4)], and this will 
‘increase the attenuation of the feedback network. This 
effect tends to compensate for the rise in stage gain, k, 
which is also a result of the rise in valve u. Secondly, due 
ito the presence of current feedback, the overall stage gain 
is found to remain very stable with respect to changes in 
H.T. and L.T. Where capacitance coupling is employed 
between the two sections of the ECC35, a 100 volt change 
may be made in the u.T. voltage (from 335 to 435 volts) 
before the stage gain changes by 1 per cent, and there is 
no observable change in stage gain produced by a varia- 
tion in the L.T. from 5-0 to 7-0 volts. Overall measurements 
on the stability reveal that for a rise in the H.T. voltage, 
the change in the anode impedance of the valve V, is the 
predominating effect and there is actually a fall in the 
output amplitude and circuit Q with a rise in the H.T. 
volts, and vice versa. Thirdly, for the single-stage 2-mesh 
unit, the stability is worsened in practice because the high 
values of stage gain required leave little margin for 
stabilizing the circuit with negative feedback. In the circuit 
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Figures obtained on the overall stability of both units 
(i.e. with respect to variation in mains supply voltage) are 
given in Table 1 and show that the EF91 unit compares 
unfavourably with the ECC35 unit. By using somewhat 
higher value resistors in the feedback network of the 
2-valve unit (and smaller capacitors) it should be possible 
to reduce the effect of the changing internal valve 
impedance, and so stabilize the Q and site amplitude 
to an even higher degree. 


Circuit Refinements and Comparisons 


The triode sections of the ECC35 unit may be D.c. 
coupled using a potential divider returned to earth between 
the anode of V, and the grid of V,. The frequency range 
can then be extended downwards by a simple change of 
R and C, and the values of these components calculated 
approximately from equation (3), the final values being 
found empirically. Such a D.c. coupling somewhat impairs 
the stability of the circuit Q, since the stage gain of V, 
must now be increased in order to compensate for the 
attenuation through the coupling path and so keep the 
anode swings identical. This implies a reduction in the 
current feedback on V,; in addition, the D.c. coupling does 
not permit the bias voltage on this valve to rise so much 
with increasing H.T., hence a bigger change in mutual 
conductance is to be expected for any appreciable change 
in the H.T. voltage. 

The number of components involved in the construction 
of a multi-band filter is somewhat less with the single- 
stage unit and this unit gives a simpler construction and 
adjustment. As against this, however, it is at a disadvantage 
from the viewpoint of stability, and also circuit Q, for 
it is more difficult to obtain a high Q to give a good cut-off 
at the band edges. Also an additional valve is required for 
the purpose of providing a push-pull output. With this 
valve the overall insertion loss is reduced to a figure of 
8 times, compared with a figure of 20 times for the ECC35 
filter. 

With regard to power consumption there is little to 
choose between the circuits, since although the total anode 
current consumption of the EF91 is considerably less than 


368 SEPTEMBER 1953 








the 
EC 
the 
bia: 
stag 
alp! 


tice 
the 
ing 


it is 
pha 
loc 
of 

rect 
cha 
arré 
logi 
con 
filte 
con 
at f 
ing 
put 
amy 
sucl 
rect 
whi 
inte 





aT & 


el i ee ee ee 





2 


Seen Rte rceeeenrneeennronererneeen fi 















































HT- 











wg 


htt 








Fig. 10. Complete circuit of an alpha band filter 


the total anode current consumption of both halves of the 
ECC35, there is the additional current consumption through 
the screen potential divider (necessary for developing the 
bias voltage) which adds to the total consumption of the 
stage. Fig. 10 shows the complete circuit diagram of an 
alpha band filter, as finally adopted. ; 

The general method of using such a filter in E.E.G. prac- 
tice has been to switch it into each channel in turn, taking 
the input to the filter from across the coils of the record- 
ing pens. When a larger number of units have been built 
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record should be dispensed with in analysis, but that it 
should be studied in conjunction with the filtered record. 
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it is intended to filter six channels simultaneously so that 
phase differences between channels can be observed and 
localization studies facilitated. Fig. 11(a) shows a section 
of an electroencephalograph record, the upper channel 
recording the normal unfiltered wave, and the lower 
channel the filtered signal from this channel. This 
arrangement facilitates the estimation of such physio- 
logically significant factors as the percentage time “ alpha ” 
content of the record. Fig. 11(b) shows the effect of 
filtering a complex waveform, artificially produced by 
combining the outputs from several sinusoidal generators 
at frequencies of 1, 2, 3, 4 and 10c/s. During the record- 
ing the 10c/s wave was stopped and another wave of 8c/s 
put in its place. Measurements of both frequency and 
amplitude can be made from the filtered record, whereas 
such observations are quite impracticable with the original 
record. Both these examples show the great simplification 
which is possible when only frequencies of 8-13c/s are of 
interest. However, it is not intended that the original 
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The Electrical Synthesis of Musical Tones 


By Alan Douglas 


(Part 3) 


Intermodulation ; Loudspeakers ; 


and Commercial 


jo presence of many independent tone sources, whether 
electrical or physical, gives rise to complex beating 
effects as previously stated. In the case of pipes sounding 
together, for instance, the only coupling between them is 
that due to air pressure waves radiated from the resonating 
tubes. No energy can be transferred through the point of 
common coupling, i.e., the windchest. The same applies to 
groups of instruments playing in an orchestra. On the 
other hand, a high degree of controlled intermodulation 
exists in a piano, giving rise to tonal variations without 
number. The energy is transferred by air coupling between 
the strings and mechanical coupling through the sound- 
board. In a skilfully designed piano, the effect is colour- 
ful and rich; in a poor one, harsh and “ jangly ”. 

Electrical tone generators are frequently coupled by 
common circuits, but so far as the generated waveforms 
are concerned, this is the last thing required. The presence 
of small a.c. components in the H.T. supply line, stray fields, 
leakage through circuit wiring and valve capacitances, 
makes it difficult accurately to confine the entire signal to 
its proper path. With magnetic and electrostatic gerrera- 
tors there will be leakage and fringing at high frequencies 
and if many circuits having differing impedances are com- 
bined there will be a redistribution of energy between the 
components. Screening may also present problems. 

Many valve generators derive all their power from a 
common H.T. line. This is responsible for a good deal 
of mutual coupling if amplifiers are also fed from it. The 
latter should always have their independent source of 
power and the use of gas tube or hard valve regulators 
for the oscillators with their well-known reduction in 
interral impedance is strongly recommended. This greatly 
reduces any tendency to feedback. 

In valve generators not accurately in tune, it is not so 
much the departure from pitch of the prime tone or 
fundamental which is objectionable, but the beating 
between adjacent high harmonics not in tune. These can 
form a whole series of sum or difference tones which 
will not be harmonically related to the series being 
generated and will in consequence introduce marked dis- 
tortion even if of very small amplitude. This condition 
is aggravated if many pitches covering a widely-separated 
frequency band are in use together, e.g., an organ pedal 
note of D# 38-9c/s together with manual notes of 
D# 155-6c/s, F# 185-0c/s, A 220-0c/s and C 2093-0c/s. It 
is interesting to note here that while the tuning accuracy 
of sine wave generators for additive synthesis must be of 
the order of one part in 10000 or better, if the generator 
supplies all its own correctly related harmonics the tuning 
for adjacent fundamentals need not be better than one 
part in 1000. The highest stable accuracy so far attained 
commercially is two parts in 1 million of the interval of 
a semitone. This accuracy would not, of course, be found 
in a pipe organ or piano, and could not be retained; but 
the highest possible accuracy should be aimed at because 
as the volume level is raised the small components which 
are inaudible below a certain loudness may then obtrude 
and cause frequency distortion. 

Some forms of distortion very difficult to remove can 
arise from the non-linear performance of iron-cored 
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Volume Level ; 


Expression ; Aesthetic 


Considerations. 


inductors supplied with D.c. as well as a.c.; for instance, 
some forms of Hartley oscillator. This is also noticeable 
in pulse-shaping transformers and frequency-dividing 
transformers. Careful selection of the iron may be neces- 
sary, indeed in winding iron-cored coils for complex wave 
oscillators it is difficult to get two coils to give exactly the 
same waveform without selection of the core material. A 
peculiarly irritating form of distortion can arise from shock 
excitation of iron-cored coils used in tone-forming circuits. 

If valve oscillators are sufficiently well isolated from the 
load, very little tendency to “ pull” or draw into tune will 
occur; circuits have been developed in which adjacent 
oscillators can be tuned to within a minute part of a semi- 
tone of the same pitch without pulling. 

Main amplifiers are a prolific source of distortion, but 
this is only mentioned in passing since the literature now 
describes many circuits substantially free from distortion. 
Some applications of negative feedback tend to produce 
frequency distortion and this often occurs in the form of 
self-oscillation above the audible range, which however, 
manifests itself in the form of objectionable beats in the 
audible range. However, the sum of all the distortions 
can be kept quite small in a properly co-ordinated music 
generator; it is all the more regrettable that the haphazard 
application of loudspeakers can reverse this condition. 

Undoubtedly no loudspeaker can simulate or re-create 
the spread of acoustic energy associated with some 
physical sound sources. On the other hand, it can be prac- 
tically perfect for certain other physical sources. A great 
deal of work has been done on this subject, especially in 
the United States. It has been found that for moderate 
powers, that is, powers of the same order as the original 
physical source of sound, a single loudspeaker will repro- 
duce any single source very well. In the frequency band 
80-8 000c/s this applies to multiple sound sources also. It 
is in the range 32-100c/s, and especially when such 
frequencies are combined with those in the higher ranges, 
that the effect is different. 

The economics of present-day design call for the lowest 
cost and the smallest number of parts in a reproducing 
system. For this reason, the frequency range of many 
loudspeakers has been gradually extended. This is im 
general a useful property where moderate powers are con- 
cerned, say up to 10 watts electrical input. In the case of 
simple melodic instruments, and those so far commercially 
produced for percussion tones, such wide-range loud- 
speakers perform adequately. The input power here never 
exceeds 12 watts. The real power level required is always 
closely related to the fidelity of the sound. For example, 
in instruments of a percussive type the means by which 
the strike tone is produced in a piano cannot be exactly 
simulated, since it contains many imharmonic components. 
To achieve the same apparent loudness with harmonically 
related components requires that these should have a 
greater energy content. Indeed, the purer the tone the 
greater the energy required of the initial waveform, and 
the sole example of a pufely percussive keyboard instru- 
ment had to be withdrawn from manufacture because 
the energy of the charging pulses to the RC decay net- 
works became so high that capacitor breakdowns were 
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frequent at an acceptable loudness level; for to sufficiently 
increase the working voltage rating would have made 
the cost prohibitive. 

Where large powers are required, or extreme bass notes, 
the loudspeaker problem is admittedly difficult and quite 
considerable intermodulation can result. Such conditions 
only apply to electronic organs. Here we not only have 


to contend with the range of power and pitch, but must | 


consider the nature of the corresponding physical sound 
source. 

A group of four trumpets playing together is practically 
a point source of sound. Thus such a sound is adequately 
reproduced by a wide-range single loudspeaker. The 
average power in watts would be about 14, the peak 
power perhaps 8 watts, the apparent loudness being due 
to the high sensitivity of the ear in the frequency range 
occupied by the principal harmonics of the trumpet. One 
large pedal pipe in an organ is, however, far from a point 
source. The energy from a 16ft pitch wood pipe is radiated 


duplicate this train of events, therefore the applied wave- 
form excites the coil more rapidly since even if the attack 
is gradual it is merely increasing the intensity of the first 
cycle or two of movement. There is no change in the 
mode of vibration, only the amplitude, and the effect on 
the ear is one of rather suddenly applied power. 

For moderate powers a multiplicity of small cones can 
be used. One effective unit comprises nine 10in cones 
placed as closely together as possible on a flat baffle. Each 
cone works at a low level, but the spread of acoustic 
energy is much superior to that from a single large cone. 
There is about 675 square inches available as against 
about 240 square inches for an 18in cone. The radiating 
area of the smallest pedal pipe having a pitch of CCC 
32:7c/s is about 1730 square inches. The overall cost of 
the group of mine loudspeakers does not exceed that of 
one 18in unit and the cost of a replacement in the event 
of a failure is low. The maximum power input for this 

roup is 10 watts. Even at this low power it is clear that 
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from two sides of the pipe only, the effective area being 
perhaps 30 square feet. The intensity of the sound may 
not be very great, but it is extremely pervading. This is 
because such a large quantity of free air is coupled to the 
resonating surfaces of the pipe. The tone is free and 
natural. It is not necessarily a matter of power, but 
simulation. If equal intensity is produced from a properly- 
loaded free cone of say 18in nominal diameter, the energy 
is found to be concentrated in far too small an area. The 
form of pressure wave produced in the surrounding air 
is quite different from that due to the pipe. The fallacious- 
ness of claiming that an equivalent effect is possible is 
evident. 

Tonally, however, such sounds are not initiated in a 
simple manner; the building up of the energy in the woud 
pipe is slow and introduced by a wind noise; then certain 
overtones of low intensity, leading to the main tone as 
the resonating tube achieves exact frequency coupling 
with the lip of the pipe. No electronic instrument can 
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the whole of the bass must be fed into an amplifying 
channel separate from the upper registers. It is impossible 
adequately to combine the frequency range of an organ- 
like instrument although at lower powers, perhaps 4 to 
5 watts, acceptable results can be obtained with bass and 
treble loudspeakers fed through frequency-dividing net- 
works; this system is liable to introduce intermodulation 
distortion if the frequency range is too extended. Large 
resonating chambers in the form of pipes and cubes have 
also been used with varying degrees of success. 

An important aspect is that of volume or expression 
control. This is a function of the whole system, i.e. 
generator, amplifier, loudspeaker and room. A _funda- 
mental ruling is that the amplified sound must never exceed 
that of the corresponding physical source in loudness, 
otherwise coarsening of the tone and other forms of dis- 
tortion may arise. One hardly ever hears an instrument 
of the orchestra in an average room. The impressions 
retained are derived from the concert hall. It is surprising 
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how loud such instruments do sound in the house, and 
electrical simulations of such tones, even if perfect, would 
not be agreeable under these conditions. This scale factor 
is very difficult to adjust, except for the quieter sounds 
and those of an organesque nature—smooth tones. But 
caution should be exercised here, for there is a quite 
recognizable optimum loudness for the sound of any pipe 
organ conforming to a particular specification; this is too 
often overlooked. 

Assuming that a satisfactory maximum loudness is 
attained, this must be subject to volume control. All 
musical instruments alter their harmonic content wher 
caused to sound louder or softer. Such a procedure is 
impossible with electronic generators, although circuits are 
available which attenuate the bass to a lesser degree than 
the treble when the volume is diminished; but in a quite 
different way from the change in waveform with volume of 
physical instruments. In the case of the pipe organ, as the 
wind pressure cannot be varied, some or all of the pipes 
are enclosed in large boxes with louvred fronts, by means 
of which more or less sound is allowed to escape. In such 
instruments changes in loudness are accompanied by very 
marked changes in tonal texture. When the shutters are 
closed, the upper harmonics are greatly reduced, the middle 
ones less, the bass only a little or perhaps not at all; there- 
fore opening the shutters not only increases the loudness 
but also the brilliance of the tone. It has so far not been 
possible to duplicate this effect with electronic generators, 
although skilful manipulation of the tonecolours, playing 
in certain parts of the compass, choosing ascending pas- 
sages in which to increase the volume, heightens the 
esthetic appeal and reduces any sense of artificiality which 
may be present in the tone. 

While no special manipulative technique is required to 
play a well-designed electronic instrument, the maximum 
appeal or even usefulness can only be attained after some 
experiment. The comparatively weak initial envelope con- 
trol or attack is partly responsible for this. Mention has 
been made of such circuits, but there is no known means of 
simulating the starting tones of orchestral instruments. We 
cannot imitate the fiery attack of the trombone or the 
windy attack of the piccolo. The only attack controls 
available are those of the plucked string or the slow speech 
of the organ. The reason for this is that there is no 
definite, exact or fixed way of starting the tone of any 
instrument under the control of a human being; an infinite 
variety of shades of speech is possible according to the 
method of manipulation. Were this. not so, an orchestra 
would be no better than a series of keyboard instruments. 
So we must be content with the organ type of tonal initia- 
tion for most tonecolours, since an uncontrolled or abrupt 
start to the tone is unreal and irritating except for some 
forms of rhythmic or agressive playing. 

In general, attack is best achieved in valve oscillator 
instruments by control of the grid or cathode bias. A 
superior but more costly arrangement is to use logarithmic 
variable resistance switches operated by the playing keys. 
In electrostatic instruments the H.T. charging potential may 
be delayed by an RC network; this cannot affect the pitch 
but may do so with valve oscillators unless special precau- 
tions are taken. 

The ear tends to favour the slower attack of organ type 
and the above methods are widely used, in some cases with 
excellent results; in other instances, the kind of circuit and 
the time-constants are altogether incorrect and this most 
vital and important aspect of electrical tone production 
has not yet received the attention it requires. ; 

There is no doubt, and it has been adequately proved, 
that if cost of manufacture is of no consequence, extremely 
satisfying synthesis of many sounds is possible by elec- 
trical means. Since there are limits set by the characteristics 
of existing physical instruments, it is only in the organ 
world that such costly experiments can be justified; apart 
from economics, the following reasons support this class 
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of development: 
1. Weight and floor area for installation greatly reduced. 
2. Generator components proof against temperature 

changes and can be tropicalized. 

3. Running costs low and conversion efficiency high, i.e., 
acoustic watts radiated for power consumed against 
acoustic watts compared with blowing fan watts in a 
pipe organ. 

. Loudspeaking equipment car be situated where most 
effective. 

. Power, tone, etc., can be regulated to suit acoustic 
environment actually on site. 

. Dismantling and re-erection costs negligible; it may 
cost hundreds of pounds to remove a pipe organ. 

. Specification can be altered without difficulty. 

. In some cases, tuning is permanent; in others, easily 
performed. 

. Servicing possible by radio engineer, often much more 
readily available than skilled orgam hand. 


From an economic aspect, all electronic musical 
instruments fall into the category of communication equip- 
ment. They could thus be subject to the same production 
techniques if the demand were sufficient, since with all 
circuit assemblies the cost is related to the rate of flow. 
The quality of the components and in particular the 
tolerances and ageing techniques, must be well above radio 
set level. Valves require care im selection and much 
ingenuity has been expended in obtaining the required 
results from simple triodes; for these are very reliable. A 
number of prototype generators using transistors and 
modern designs of gas tube are being tested, too. 

Production in this country is on a small scale, but it is 
interesting to note that in the United States, where pro- 
duction of most makes runs between 120 and 400 a month, 
it has not been possible to reduce the price below roughly 
£1 000 for a full scale two manual and pedal organ. This 
is almost entirely due to the high quality of the individual 
components used. 

It seems probable that the very largest organs will con- 
tinue to have pipes, since here the complexity of the 
radiated energy is beyond the resolving powers of any 
loudspeaking system which can at present be envisaged; 
and there are certain well-defined characteristics of large 
organs which appear impossible of simulation by elec- 
trical means; but there is little doubt that smaller instru- 
ments of the organ type, and others for the production of 
orchestral tones of certain kinds, will develop intensively. 

It will be observed that these articles began in general 
terms, but have concluded on an organesque note. This is 
simply because, from a technical and economic standpoint, 
it is only the organ type of tome which has made progress. 
It is evident that real simulation of all the important 
characteristics of orchestral instruments is impossible, 
and would always remain so if controlled by means of a 
keyboard. There is a remaining alternative in the produc- 
tion of new tones. This is a fruitful field and is bound up 
with new manipulative techniques which could start new 
fashions in modes of expression. Such an approach 
might do much to offset the inability to simulate many 
currently known orchestral instruments. However, it is 
always dangerous to attempt to run before one can walk, 
and it should not be forgotten that most physical tone 
sources have been under development for many years, in 
some cases hundreds of years. It is unreasonable to expect 
the same attributes in synthetic instruments within a 
couple of decades. 

Readers interested in a comprehensive source of refer- 
ences to published information on electrical music are 
recommended to consult the bibliography on electronic 
musical instruments published’ by the Tottenham Public 
Libraries, London, N.17; and for the theory and practical 
design data, The Electronic Musical Instrument Manual 
(2nd edition), Sir Isaac Pitman & Sons, London W.C.2. 
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Control of Thyratrons by Small Signals 


By R. Bailey*, B.Sc. 


The use of a thyratron to control the power supplied to a resistive heater winding is discussed 
and it is shown that variation of the phase of the control grid voltage enables the power supplied 


to be varied continuously over a wide range. 


When the control voltage applied to the grid is not 


large compared with the critical grid voltage, the relationships between control signal voltage and 

the output power are markedly non-linear and the determination of the optimum operating con- 

ditions is greatly facilitated by graphical methods. The methods are illustrated by considering the 

problem of the temperature control of an oven. The effect of variation of valve charac- 

teristics are considered and it is concluded that although the use of control signals as small as 

one or two volts may be permissible if the thyratron forms part of a feedback system, large signals 
should be used whenever possible. 


URING the development of a small constant tempera- 

ture oven, it was found convenient to control the 
power supplied to the heater winding by means of a 
thyratron which, in turn, was controlled by a signal voltage 
obtained from a temperature sensitive thermistor bridge’. 
The signal available from the bridge was quite small and 
to avoid the complication of an additional amplifier, it 





Fig. 1. Basic thyrairon circuit 
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was necessary to consider carefully methods whereby one 
could obtain the maximum possible change of power dis- 
sipated in the heater winding for the minimum signal from 
the temperature sensitive bridge. The graphical methods 
developed may have other applications where it is neces- 
sary to control thyratrons from small signals. 


General Principle 


Consider the circuit of Fig. 1. The thyratron V, has an 
alternating anode supply voltage Esin wt applied through 
a resistor R. The valve will conduct only if the anode 
voltage is sufficiently positive to overcome the effect of 
the bias on the control grid. Thus corresponding to a 
given anode voltage there is a voltage known as the critical 
grid voltage at which the valve will begin to conduct. The 
valve will continue to conduct until the anode voltage falls 
below the ionization potential later in the cycle. This 
is shown diagrammatically in Fig. 2. If the ionization 
potential were negligible and the control ratio a constant, 
the critical voltage curve would be half sinusoidal, but due 
to the non-linear valve characteristics, the curve is some- 
what flattened. 

Consider now what will happen if the control grid has a 
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fixed negative bias E, as shown in Fig. 2. When the 
critical grid voltage exceeds E,, the valve will conduct, 
its anode voltage will fall to the ionization potential of 
the valve and the remainder of the supply voltage will 
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Fig. 3. Control of thyrtron firing point using A.C. 


be dropped in the anode load resistor R. If one assumes 
that the ionization potential is small compared with the 
supply voltage, a little consideration will show that D.c. 
bias will allow the conduction angle, i.e., the proportion 
of the cycle over which the valve conducts, to be varied 
only between 90° and 180°, giving a change in output power 
of only two to one. In general, this is insufficient and 
phase control using a.c. bias on the grid is used. 

Fig. 3 shows phase control in greater detail. In Fig. 3(a) 
the grid voltage is in phase with the anode voltage so that 
the valve conducts as soon as the anode voltage exceeds 
the ionization potential. Figs. 3(b) and 3(c) show the grid 
potential lagging 90° and 150° behind the anode voltage 
so that the valve conducts only over a part of the positive 
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half cycle. It will be seen that by varying the phase of 
the grid voltage, any conduction angle between 0° and 
almost 180° can be obtained and, if the amplitude of the 
A.c. grid bias is large compared with the critical grid 
voltage, the firing angle is almost independent of the bias 
voltage and depends only on the phase. 

To enable this method of control to be used in conjunc- 
tion with a temperature sensitive bridge, the output of 
which is zero at balance, it is necessary to provide a fixed 
A.c. bias. This is combined with the a.c. output of the 
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Fig. 5. Variation of power output with delay in firing (/ogarithmic plot) 


bridge, the phase of which differs from the fixed bias 
by about 90°, so that the resultant of the fixed bias and 
the output of the bridge has a phase which depends on the 
amplitude of the bridge voltage. 

To obtain a large phase change for a small output from 
the bridge, it is necessary for the fixed a.c. bias to be 
small and, under these conditions, the bias is no longer 
large compared with the critical grid voltage and the 
amplitude of the grid signal and the exact shape of the 


graphical methods are the only practicable ones for deter- 
mining the optimum bias conditions. In describing these 
methods, the data applicable to the constant temperature 
oven will be used as a practical example, but the methods 
are perfectly general. 


Anode Circuit Design 
The power dissipated in the resistor R in the anode 
circuit of the thyratron fed from an alternating voltage 
source of peak value E volts is given by: 
1 Ta 
—_— (E sin 6 — Ep)? dé 
27R " 


where Ep is the voltage drop in the valve when conducting; 
@ is the phase-angle by which the start of conduction is 
delayed 


a = tan-' En/D 
If E > Ep this is almost independent of Ep. 


The variation of power with @ is plotted for E = 240V2 
volts, Ey = 9 volts in Fig. 4. From this, it.will be seen 
that the useful range of values of @ is about 40 — 140° 
which gives range of power of 12:1. 
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CRITICAL GRID VOLTAGE 


In some circumstances, it may be desirable to work with 
conduction angles less than 150° because of the increased 
sensitivity which may be obtained. An oven will require a 
certain range of input power and the range of conduction 
angles required will be determined by the value of load 
resistor chosen. For example, consider an oven which 
requires 10 watts to maintain it at 10°C above ambient and 
20 watts to maintain it at 20° above ambient. If the 
resistance of the heater winding is 1 000 ohms, a change of 
6 from about 63° to 103° (i.e. a change of 40°) would 
maintain the temperature of the oven constant against a 
change of 10°C in ambient temperature. If, however, the 
resistance of the winding were reduced to say 100 ohms, 
the corresponding values of 6 would be 137° and 148° (i.e. 
a change of only 11° and an improvement in sensitivity of 
almost four times). This is clearer if Fig. 4 is replotted 
on logarithmic paper as in Fig. 5. In this curve, the 
sensitivity is proportional to the slope of the curve which 
will be seen to increase continuously as 6 180°. An 
incidental advantage of using large values of @ is that when 
the oven is first switched on, the thyratron conducts for all 


critical grid voltage curve affect the firing angle to a marked * the cycle and the input power is very large so that equili- 


extent. Because of the non-linear relationships involved, 
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brium is quickly obtained. It is not often that advantage 
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Fig. 7. Vecior diagram showing relationship between the vectors and 
electrode voltages 


can be taken of this fact since a low value of R means a 
high peak current both during normal operation and, more 
particularly, during the initial warm-up period and, unless 
the power requirements are very small, the cost of the 
larger thyratron which would be required more than out- 
weighs any advantage gained. 


Grid Circuit Design 

If the control voltage is small, a high control ratio is 
obviously desirable. The usual gas tetrode has this with 
the additional advantage that the control grid current 
before conduction is much smaller 
than for a gas triode and is there- 
fore less likely to upset the pre- 
dicted performance. The makers’ 
control curves for a Mazda 20A2 
are shown in Fig. 6, but for design of 
phase control] circuits it is morecon- 
venient to replot them on polar paper. 


determine whether the maximum available signal of some 
2V R.M.S. can be made to produce the required change of 
power, bearing in mind that the valve characteristics will 
change with both time and heater voltage. 

Using Figs. 4 and 5, it will be seen that the required 12:1 
range of power can be obtained by varying the firing 
angle @ between 40° and 140°. When the oven is exactly 
at the designed temperature, there will be no output from 
the temperature sensitive bridge and the standing bias 
must hold the conduction angle at 90°. Fig. 8 shows two 
possible standing bias vectors oA and os with different 
angles of lead. The larger the angle of lead, the greater 
the bias required and the greater the bridge signal required 
to change the conduction angle a given amount. The larger 
the standing bias, the less will the circuit be affected by 
change of valve characteristics. The actual angle of lead 
chosen is a matter for the designer’s judgment but, for 
present purposes, an angle of 45° will be assumed to be a 
reasonable compromise. The method of determining the 
signal voltage required to shift the firing angle to 40° 
and 140° is shown in Fig. 9. The standing bias vector 
OA leads the critical bias vector by 45° and its projection 
is equal to the critical bias at ¢ = 90°. When @ = 40°, the 
OA is in position OA,. If the valve fires at this point, the 
control bias added to the standing bias must have a 
resultant, the projection of which equals the critical bias 
at @¢ = 40°. Two possible control voltages are shown as 
° 


40 





In Fig. 7, let the anode voltage 
E sin 6 be represented by a rotat- 
ing vector of magnitude E. The 
instantaneous anode voltage Va 
may be represented by the projec- 
tion of the rotating vector in oy. 





Corresponding to this anode volt- 
age V,, there will be a critical grid 








voltage V.. which may be r egarded Fig. 9. Complete vector diagram showing two possible control signals to drift firing point from 40° to 140° 


as the projection of another rotating 

vector which is in anti-phase with the anode voltage. To 
bring the vector diagrams into the positive quadrants, this 
will be drawn as a vector —E,.. in-phase with the anode 
voltage. Since the valve characteristics are non-linear, the 
length of the critical grid vector will change as it rotates. 
From the known valve characteristics, the locus of the tip 
of this vector may be drawn as shown. 

The design procedure will be illustrated by taking the 
constant temperature oven as an example. This requires 
a range of 12:1 in input powers if it is to be unaffected 
by changes in ambient temperature. The control signal 
available from a temperature sensitive bridge is limited by 
the heating of the bridge elements and it is required to 





Fig. 8. A vector diag howing two possible grid voltage vectors which 
would cause the valve to strike at @ = 90° 
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A,B, and A,B,. Similar considerations apply to ¢ = 140° 
except that the phase of the control voltage is no longer 
arbitrary. Corresponding to vectors A,B, and A,B, are 
vectors A.B, and A.B, such that Zoa,B,=108° — Zoa,B, and 
ZOA,B.=180° —Zoa.B, An examination of Fig. 9 will 
show that there is only one angle 0a,B, for which A,B, = 
A.B, and this is the one usually used, although in some 
cases the non-linear control produced by using a different 
value for this angle may have advantages. 


EFFECT OF D.C. BIAS 

From Fig. 8, it will be seen that the magnitude of the 
control voltage required is determined largely by the magni- 
tude of the standing a.c. bias and it is, therefore, obvious 
that the more this can be reduced, the less control voltage 
will be required. Examination of Fig. 6 indicates that the 
effect of p.c. bias on the shield grid is to shift the curves 
bodily sideways and is, therefore, very similar to D.c. bias 
applied directly to the control grid. Both can be dealt 
with in the same fashion. Fig. 10 shows a family of critical 
grid voltage curves plotted on polar paper and from these 
it will be seen that a bias of between —3 and —5V on the 
shield grid is a useful working range. 


EFFECT OF GRID CURRENT 

The effect of grid current is very difficult to calculate in 
detail, but if the following points are noted, a qualitative 
estimate of its effect may be made. 
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(1) Before firing the control grid current is small (usually 
less than 10-"A), so that unless the grid leak is more than 
1MQ, its effect may be neglected. 


(2) Unless limited by a series resistor, the control grid 
current after firing may be substantial (several milli- 
amperes). It will be positive or negative depending on the 
sign of the grid voltage and it will also be influenced by the 
value of anode current. It is, therefore, extremely difficult 
to predict its mean value over a complete cycle. 


sensitivity depending on the circuit arrangements and firing 
angle. Since these effects can not be predicted, capacitors 
in the grid circuits should be avoided if possible. 


EFFECT OF HEATER VOLTAGE AND VALVE VARIATION 


If valve manufacturers provide limiting characteristics, 
the effect of valve changes can easily be estimated by 
drawing polar curves corresponding to the limiting condi- 
tions, but these are seldom available. Checks on a small 

batch of 20A2’s showed a scatter 
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signals. It is quite feasible to 








design a_ circuit which will 
change the conduction angle 
from 40° to 140° with a signal 
of less than 2V R.M.S. 

The use of such circuits de- 
pends on the stability of valve 
characteristics and should pre- 
ferably be used only when 
they form parts of feedback 
systems. Provided that the 
static bias be adjusted for 
the particular valve in use, it 
has proved practicable on a 








Fig. 10. Critical grid characteristics of Mazda 20A2 plotted in p 


(3) When non-conducting, the shield grid current 
resembles that of an ordinary valve and is fairly small 
(O-ImA at Vz, = 0) decreasing as the shield grid is made 
more positive. After striking, this current may also be 
several milliamperes and is influenced both by anode 
current and shield grid voltage. 


If there are capacitors in either grid circuit, they will 


be charged by the grid current during conduction and alter 
the p.c. bias. This may either increase or decrease the 





thyratron with signals obtained 
directly from a _ temperature 
sensitive bridge and for the 
system to work satisfactorily in spite of changes in the 
heater voltage of the valve. 


olar co-ordinates 
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A Low Frequency Generator for Vibration Testing* 


Vibrations for testing structures are conveniently pro- 
duced with the aid of a moving-coil exciter. This is a 
large and powerful type of loudspeaker in which the cone 
is replaced by a rod which imparts mechanical motion to 
a structure to cause it to vibrate. This type of exciter 
requires a large sinusoidal energizing current, normally 
supplied by a high power amplifier. This means of supply- 
ing the current is not suitable for frequencies below 20c/s 
owing to difficulties encountered in the construction of the 
output transformer of the amplifier. 

In the system to be described, the required current is 
obtained by modulating the field current of a D.c. generator 
at a low frequency. The low frequency supply is obtained 
from an RC oscillator and is applied to the field winding 
via a push-pull p.c. amplifier, as shown in the block 
diagram, the field winding being centre tapped. The output 





*Communication from E.M.I. Engineering Development Limited. 
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The low frequency generator described 


current, which is taken from the brushes of the generator, 
can be varied by rotating the armature at different speeds 
or, more easily, by altering the output of the p.c. amplifier; 
the output frequency is that of the oscillator. 
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The Vapotron 


By G. Ashdown, A.I.Br., A.M.LE.E., F.Inst.P. 


The cooling of high-power valves by vaporization is shown to be a practical proposition. The 

advantages over circulatory water cooling or forced draught air cooling include higher anode dis- 

sipation (two to three times), reduced length of insulating sections and: ease of valve replacement. 

Also, the heat extracted, being at a higher temperature, is of greater value and a supply of distilled 
water is readily obtainable. 


HE power available from high frequency transmitting 
valves is limited, to a large extent, by the temperature 
rise of the anode. The method of cooling the anode 
therefore plays a very important part and the ancillary 
equipment to do this can represent a large proportion of 
the capital cost of the installation. Current practice in 





Fig. 1. A typical Vapotron 


anode cooling is to use either forced draught air cooling 
or a water cooling system in which a definite flow is main- 
tained by pumps, the water being raised some 40°C and 
passed through a suitable radiator to be cooled before 
returning to the anode. 

At a recent electronics symposium held at Liége in 
Belgium, the French Thomson Houston Company gave 
details of a range of valves termed Vapotrons* so designed 
that the water in contact with the anode is raised to 
100°C, circulates in the form of steam and loses its heat 
by condensation. A typical valve is shown in Fig. 1. 

The complete system is known as the Vapodyne and is 
shown in schematic form in Fig. 2. The Vapotron, with its 
anode immersed in water, can be seen on the extreme left 
of this figure. Two heat exchangers, the first water- and 
the second air-cooled, condense the steam which then, in 
the form of water, returns by gravity to the valve. A 
simple two-stage alarm ensures correct water level. 


Theory of Operation 


The amount of heat dissipated by a metallic surface by 
evaporation of a liquid at atmospheric pressure increases as 
the difference between the surface temperature and the boil- 





* Registered trade mark, patents pending. 
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ing point of the liquid is increased up to a critical 
“calefaction”’ temperature’ which for water is 25°C 
corresponding to 135 watts/sq.cm. Any further increase in 
temperature difference produces a sharp decline in the 
amount of heat transmitted or, to use am expression more 
suited to the application in mind, any increase in the 
watts/sq.cm above the critical 135 will cause a rapid un- 
limited rise in surface temperature. It is therefore essen- 



















































4, 








Fig. 2. The complete system i 
tial, as a first requirement, that the average power dissipa- 
tion per unit surface area be kept well below the critical 
value under all conditions of operation. 

A further requirement is the prevention of hot spots 
which are liable to cause calefaction. From this point of 
view, the thickness of the anode wall is of considerable 
importance. As a thick wall will cause a temperature 
gradiant resulting in a higher temperature at the internal 
surface of the anode, it would appear desirable to have as 
thin a wall as possible especially if the valve is subjected 
to short-period overloads. The elimination of hot spots is, 
however, of far greater importance because once the critical 
temperature difference of 25°C is exceeded at any particular 
point, cooling by evaporation virtually ceases and 
the spot can only be cooled by conduction within the 
mass of the anode. If this conduction does not take place, 
calefaction will eventually spread over the whole surface 
and put the system out of action. By using a high thermal 
conductivity material like copper and by providing suffi- 
cient thickness, temperature differences on the surface are 
short-circuited and the danger of a serious local tempera- 
ture rise is avoided. 


Practical Results 


The first Vapotron tests? were carried out with an anode 
having a smooth outer surface; at 84 watts/sq.cm calefac- 
tion set in. The smooth surface was then replaced by 
heavy milled teeth and it was found that calefaction did 
not take place, although the temperature of some spots 
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exceeded the critical 123°C. Finally, by staggering the 
teeth, as shown in Fig. 1, a better circulation of the water- 
steam mixture was obtained, the hot spots disappeared 
and a further decrease in the average surface tempera- 
ture was observed. 

The curves of Fig. 3 show the various surface tempera- 
tures obtained with a TH445 valve, one of the four types 
being manufactured in France, for different values of 
anode dissipation. From these curves can be noted the 
very large overload capacity of the valve, the rating of 
which is fixed at 60kW, and the increased output obtain- 
able over a valve of similar size using conventional water- 
cooling (2:1) or forced draught air-cooling (3:1). 
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Fig. 3. Overload test in static operation (13kV D.C.) of Vapotron type 
TH445 


Curve A—Temperature at hottest point on external surface of radiator. 
Curve B—Temperature in copper on the side of a tooth, i.e., approxi- 
mate average temperature of useful part of radiator. 

Curve c—Temperature at tip of a tooth. 

Curve D—Temperature in joint at contact of tube anode, at hottest point. 
Curve &—Temperature at the base of the teeth of a forced air cooled tube. 


Five Vapotrons have been installed in the Paris-Villebon 
transmitter*, which started operation in 1951, three in 
the R.F. power stage and two as modulators. It can be 
seen from Fig. 4, which shows these valves installed, that 
the Vapotrons are held in place on the top of their water 
containers by their own weight and that the insulating 
sections in the cooling circuit are considerably shorter than 
those required with conventional water-cooling. This is 
made possible by the higher resistivity of steam, even if 
wet, compared with water. In the return circuit, less visible 
on the figure, shorter sections can also be used because the 
very low rate of flow (approximately 20gal/hour for 60kW) 
permits the use of a small bore pipe. Satisfactory opera- 
tion up to 50kV peak has been obtained with 18in of 
pyrex tube on the outlet side and 12im in the return circuit, 
the latter tube having a cross sectional area of little more 
than 0-15sq.in. 


Characteristics 


Two of the valves at present: being manufactured are 
the TH445 rated at 60kW and the TH456 rated at 40kW. 
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Fig. 4. A typical installation 


The larger of the two valves has an overall length of 
approximately 214in and weighs 31lb, and the smaller, a 
little over 17in' and weighs 2841b; the width over the handles 
is in both cases 113in. 

The electrical characteristics are given in Table 1. 




















TABLE 1 
Characteristics of Two Vapotrons 
| - TH445- | © TH456 

Cathode .. = Tungsten Tungsten 
Filament voltage Sent diane 12:6V 
Filament current Me -« | 290A | 300A 
Interelectrode capacitances : 

Grid-filament oe ce Loe 40pF 

Anode-filament a | ee |  4pF 

Grid-anode .. a vem | ASE 30pF 
Amplification factor .. 3 22 12 
Mutual conductance .. .. | 18mA/V 12ma/V 
Maximum ratings : 

D.c. plate voltage | I5kV 12kV 

D.C. grid voltage : .. | —1:2kV | —1-5kV 

Peak cathode current co | SOA |. 254 

Plate input : .. | 90kW | 60kW 

Plate dissipation y, 60kW | 40kW 

Plate output .. we -» | 60kW | 40kW 

Grid dissipation .. .. | 700W | 500W 

Frequency at maximum 

ratings 4 es 10Mc/s 10Mc/s 
By-products 


In addition to the advantages of increased power out- 
put, simpler installation, rapid replacement of valves and 
quietness of operation, there are two interesting by- 
products: distilled water and a supply of heat at a high 
temperature. The latter, which is obtained automatically 
from the first heat-exchanger, amounts to more than 
200gal/hour at 90°C for a 100kW transmitter such as 
the Paris-Villebon station. Distilled water is obtained by 
connecting the valve container to the water main through 
a long insulating section and a water softener and collect- 
ing the distilled water at a point beyond the condenser. 
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The Design of 


Electromagnets 


(Part 1) 


By L. R. Blake*, B.Sc., Ph.D., A.M.LE.E. 


An attempt has been made to present in this article data useful when designing magnet systems 
—D.c. magnets in particular, but also a.c. magnets and permanent magnets. The data included con- 
sists of fringing curves, showing how the field varies between the poles of a magnet; curves to 
assist in permeance estimates; magnetization curves of D.c. magnet materials; and heat dissipa- 
tion curves. The principles of design of an electromagnet are outlined and various winding 
and magnetic circuit arrangements are examined and criticized. Various methods of estimating 
leakage flux are described, including the use of analogues, such as the electrolytic bath, and the 

use of scale models. 


D.c. magnet is one of the simplest electromagnetic 

devices, and it is not surprising that almost anyone 
with a background in electrical engineering is prepared 
to tackle its design with confidence. There are, however, 
more subtleties in connexion with magnet design than are 
at first imagined, and it is the source of much regret, 
especially with large and costly magnets, when these are 
appreciated too late. It is hoped that it will be of assistance, 
particularly to those who are not specialists in this class 
of work, to draw attention to some of these details, and 
to present in convenient forth the more important design 
data. 

Electromagnets are required for two main purposes: to 
provide a magnetic field over a certain restricted volume, 
or to provide a tractive force. Magnets of the second type 
deserve special attention} and it is not intended to include 
the special problems associated with these magnets within 
the scope of this paper. 


Specification of the Magnet 


The most usual method of specifying a magnet to 
provide a magnetic field is by saying that the field is 
required uniform to +x per cent over a certain region of 
space (say the region a’, b’, g’ in Fig. 1). If curves giving 
the variation of the field within standard pole configura- 
tions are readily to hand, it is possible to estimate the 
actual pole size (a, b) and the gap distance (g), but before 
this can be done it is necessary to know the rough outlines 
of the poles. It will be seen that it is necessary to proceed 
by successive approximation—a method necessary in vary- 
ing degree throughout the design of the magnet. 

Curves showing how the field varies between poles of 
various shapes are given in Figs. 12 to 16 at the end of 
the article, most of these curves being deduced using an 
electrolytic bath. For convenient reference, all the data 
useful in the design of a magnet has been separated from 
the text and put at the end. The field fringing curves which 
are given, show how the field varies in the mid-plane 
between the poles (Figs. 12 and 13) and how it varies 
across the gap, going from one pole to the other; curves are 
given showing the field variation in this direction at the 
edge of a pole (Figs. 14 and 15), and at the pole axis 
(Fig. 16). 

When the pole dimensions (a and b, for example) are 
large in comparison with the gap distance g, and especially 
with straight sided poles, the estimation of the fringing 
of the field is a two dimensional problem and the curves 
of Figs. 12 and 14 can be used. When the pole dimensions 





* The British Thomson-Houston Co., Ltd. 


+ For an excellent and thorough account of this type of electromagnet, see ROTERS» 
H. C., Electromagnetic Devices (Wiley, 1941). 
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are of the same order as the gap distance, then the curves 
of Figs. 13, 15 and 16, which give the variation of the field 
between cylindrical poles, will be helpful. : 

The fringing curves will rarely be directly applicable, but 
reasonable accuracy should be achieved in most instances 
if the information is applied carefully, appropriately modi- 
fied as common sense dictates. 

The final size of the magnet is, of course, closely 
dependent on the size of the poles themselves, so an 
accurate estimation of the minimum pole size tolerable 
using the fringimg curves is an important part of the design. 
When this has been completed, one can proceed on the 


H26H 
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Fig. 1. How the specification of the field required is related to the actual 
pole dimensions 


assumption that one knows the pole dimensions, the gap 
distance, the field in the gap and the variation of the field 
across the gap—at least in the centre of the poles—so that 
the mean gap field Hm=(1/g) Jf H dg is known. 


Basis of Design 
Consider an example in which the magnet is of the 
simple horseshoe type; other types of magnetic circuit will 
be considered later. The most important quantity to deduce 
—the total ampere turns required—can be obtained by the 
direct application of Maxwell’s first equation: 
eS ee eS re ne (1) 
that is, the line integral of H around any complete circuit 
c is equal to 47/10 times the total current embraced by that 
circuit. J;—the total current (or rather ampere turns) 
embraced by the circuit—is, of course: 
Ik = $s J . aS 
where J is the current density in the direction normal to 
the surface, and the surface integral is taken over that 
surface of which the circuit c is the periphery. Equation 
(1) in its most fundamental form is, therefore, 
$6 H.dl=47/10§,J.dS_ ........ (2) 


To determine the total ampere-turns recessary, the most 
convenient circuit over which to integrate is around the 
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magnetic circuit and across the gap near the centre of the 
poles, since this is the region where the field is most uniform 
and is known with greatest accuracy. Then: 

(NI. = 10/47 ({H.dg + fHi.dl) 
Since from the previous section we now have a reasonably 
accurate knowledge of the field and how it varies across 
the gap, the first integral, f H.dg, is simply Ang. 

The second integral, f Hi.dl, taken around the iron 
circuit, can be evaluated provided that the flux density 
B; is known everywhere in the iron and provided ‘that the 
magnetization curve of the iron is available. An object of 
the design should be to shape the iron circuit so that B; is 
everywhere constant, the full realization of this being 
prevented mainly by practical difficulties of manufacture and 
expense. It is therefore permissible to simplify this integral 
by assuming that Bj is everywhere at the design value so 
that H; is known and is also constant. Hence we car write: 

NI; = 10/4 (Hm g + Hil) .......... (3) 
where / is the mean path length in magnetic material, this 
equation being accurate and not normally requiring later 
modification. 

The next question is: how large should B; be so that 
Hil can be determined and Ni; can be calculated? Since 
the magnetizing coils have to be wound round the iron 
circuit, it is desirable to keep the iron section to a minimum 
everywhere, for then the weight of the iron, the weight of 
the copper and the ohmic losses in the copper are kept low. 


The copper losses are: 
I’R = p J’. volume of copper, 
SPA eay GOI eae N Te seins wich aie ae Sats (4) 
where J is the current density, 


p is the resistivity of the copper at the working 
temperature 

A, is the net copper area and 

/, is the mean length of turn. 


If J and A, are fixed, increasing the iron section increases 
[, and hence the losses. However, if the iron section is 
made too small and the flux density high, the term Ail will 
become excessive, leading to a large increase in the total 
applied ampere turns. Since H; rises more and more 
rapidly with B; as saturation is approached, it is essential 
to keep Hil to a reasonably low proportion of Hmg, as a 
slight increase in B, can greatly increase NJ; without 
much gain from the small section. The calculation of the 
ideal value of B, leading to a minimum overall weight or 
minimum copper losses is not normally worth the trouble; 
a reasonable estimate for Bj is that value which makes Hil 
from 5 to 20 per cent of Hng. 

Having selected the value for B, the real problem of a 
magnet design begins: namely, to ensure that the iron 
sections are adjusted to achieve this density. Before con- 
sidering this, it is necessary to complete the design of a 
magnetizing coil so that the window area required is 
known, and with it the general shape of the magnetic 
circuit. 


Coil Design 
The current density employed in the magnetizing coil 
is controlled by:— 
(1) The power supply available; if this is limited the 
current density J may have to be low and the copper 
volume large. 


(2) The method of heat dissipation. 


The maximum temperature of the coils must be limited to 
a value depending on the type of insulation: typical figures 
are 70 to 110°C for the normal range of insulation, and 
up to 180°C for special insulation such as glass cloth with 
silicone varnish. The cooling must be such that coppe: 
losses do not raise the winding temperature above the 
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prescribed limit. For example, with natural air cooling 
the copper loss per unit surface area must usually be less 
than 0-4 to 0'5 watts/sq.in.; with forced air cooling this 
figure can be increased and oil or water cooling improve 
the figure still further. Useful heat dissipation curves* 
are given in Figs. 19 to 21. As coil design is quite a 
standard matter this part of the magnet design will not be 
considered further, except to sum up by saying that the 
total magnetizing ampere-turns required of the coil now 
takes the simple form: 
Ni, = 10/4x kHmng 

where k is a factor which takes into account the M.M.F. 
drop in the iron circuit, and is selected to have a value 
usually between 1-05 and 1-20. The copper losses are given 
by Equation (3), and can be evaluated as soon as J is 
selected. 


Disposition of the Magnet Coils 


Before passing on to the major problem of determining 
the iron sections, consideration will be given to the type 
of magnetic circuit to be employed and the disposition of 
the coils. Both of these factors can be considered from the 
viewpoint of how leakage is affected, for the lower the 
leakage flux, the smaller the iron section, which brings 
with it the attendant advantages previously outlined. 

Consider first of all the disposition of the magnet coils. 
If we apply Equation (2) to the a circuit in Fig. 2(a), where 
a,a,a, is an imaginary flux line, we see that only a small 
net current is embraced (equivalent in magnitude to the 
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Fig. 2. Winding arrangements 


ampere turns external to a,a,a,), since the current in the 
left-hand section cancels much of that in the right-hand 
section. In Fig. 2(b) this is not so; here a circuit a 
embraces the full ampere turns, so in this case there will 
be more leakage flux of this type. For leakage on the 
inside faces as in the b circuits, it will be seen by a similar 
argument that there is little to choose between the two 
arrangements. The coil disposition of Fig. 2(a) is un- 
doubtedly superior to that of Fig. 2(b) from the viewpoint 
of decreased leakage flux; another advantage of locating 
the coils near the gap is that the iron section is smallest 
in this position. However, localized coils wherever they are 
placed are often inferior to an arrangement as in Fig. 2(c) 
where the coils are distributed around the entire magnetic 
circuit, since this enables the mean length of turn to be a 
minimum, with the consequent low copper losses. 


Magnetic Circuit Arrangements 


An alternative to the horseshoe magnet of Fig. 2 is the 
arrangement of Fig. 3(a) or 3(b), which is virtually two 
horseshoe magnets or “C” type cores together. Different 
methods of disposing the windings are shown in Fig. 3(a) 
and Fig. 3(b). A further arrangement having complete 
cylindrical symmetry is shown in Fig. 3(c). 

These arrangements are often inferior to the single “C” 
circuit, due to increased leakage flux, since minimum 
leakage flux is achieved when the iron circuit contains the 
maximum cross-sectional area per unit surface area. The 
arrangement of Fig. 3(c% although apparently ideal due to 





* From data compiled by F. Fitchett, Plant Engineers, BTH Co. Ltd. 
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the small mean length of iron, is particularly bad in this 
respect, but whether it is better or worse than 3(a) depends 
on relative dimensions, especially on the ratio of the 


window width to the gap length. 
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Fig. 3. Magnetic circuit arrangements 





























Quite apart from leakage consideration, the arrange- 
ment of Fig. 3(b) is very poor since it makes for large 
copper losses and excessive weight. This is because in a 
parallel magnetic circuit arrangement both coils must each 
supply the same M.M.F. or ampere turns as the one coil 
in arrangement Fig. 3(a), yet the mean length of turn of 
either of these coils is not much smaller than that of the 
single coil. 

Arrangement 3(c) has the advantage that the field in 
the gap is symmetrical and 3(a) and 3(b) also have a slight 
advantage in this respect. For very large magnets the 
arrangement of Figs. 3(a) and (c) may be preferred on 
the grounds of greater rigidity and mechanical strength, 
but normally the arrangements of, Fig. 2 are to be pre- 
ferred. 

It is also worth while to consider the shape of the iron 
section, especially in terms of the arrangement of Fig. 2(c). 
Again the guiding principle is that of arranging for mini- 
mum leakage flux, hence the maximum cross-section area 
is required per unit of surface area. This leads naturally 
to a circular section which also has the further advantage 
over a square or rectangular arrangement in that there is 
less surface area on the inner faces where the leakage is 
greatest. On the whole, however, a circular arrangement 
is not very convenient for it is difficult to build up the 
cross-sectional area in the magnetic circuit as the distance 
from the gap increases, so a square or rectangular section 
is generally used. A convenient arrangement is to keep 
the width of the inner face of the iron circuit fixed and 
increase the cross-sectional area by increasing the depth 
of the iron circuit, again the aim should be to keep 
the average section as close to the ideal as possible: 
that is a square section or perhaps a slightly rectangular 
section with the smaller face on the inside, for to make 
the section too rectangular is of little assistance since the 
reduced leakage on the inner faces is offset by the in- 
creased leakage from the sides, and at the same time it 
leads to an excessive weight of iron. 


Core Material 


In D.c. magnet systems, the high permeability nickel iron 
alloys are desirable only if the gap is infinitesimal or if it 
is necessary to keep [ Hidl very low: in general, due to 
their low saturation flux densities, they are quite undesir- 
able. The most common core material 


is achieved with 34-5 per cent cobalt, for which the figure 
for the saturation ferric induction (BH) is 24-3 kilogauss. 
Two common cobalt-iron alloys sold commercially are 
known as Hiperco—a 35 per cent cobalt alloy, and 
Permendur—a 50 per cent cobalt-iron alloy. Permendur 
has a slightly lower saturation of 240 kilogauss. The 
resistivity of the simple binary alloys of iron and cobalt 
is low—about 7 to 12 microm/cm—so additional elements 
are added to improve the resistivity; chromium, vanadium 
and molybdenum are very useful in this respect. Hiperco 
has 0:5 per cent chromium which raises the resistivity to 
20 microhm/cm at room temperature. The 50 per cent 
cobalt alloy (Permendur), which has a resistivity of 7 
microhm/cm, has the best magnetic properties at high levels 
of induction, but an alternative alloy with 1-8 to 2 per cent 
vanadium is available and is known commercially as V- 
Permendur; this alloy has slightly poorer magnetic pro- 
perties than the binary alloy, but the resistivity is much 
improved, being 26 microhm/cm. The addition of vana- 
dium also improves the mechanical properties, making the 
alloy easier to fabricate and roll. V-Permendur is avail- 
able rolled to 0-Olin. strip and is useful also for a.c. 
applications. 

Magnetization curves of the materials commonly used 
im D.c. magnets are given in Fig. 11. All the curves given 
must be regarded as approximate since impurities, state 
of strain, and heat treatment have a great effect on the 
magnetic properties. The difference in the magnetic 
properties of Permendur and V-Permendur is not intrinsi- 
cally as great as the curves in Fig. 11 indicate. The 
V-Permendur curve is from a manufacturer’s publication* 
and gives the average value to be expected in the commer- 
cial product: it should be possible with pure V-Permendur 
appropriately heat treated, to obtain magnetic properties 
as good as that of the Permendur curve. 

Wide variations are to be expected in the case of iron, 
ranging from the curve for 99-99 per cent pure iron to 
poorer than the curves given for mild steel. The purest 
iron available commercially in quantity is Armco iror or 
Swedish iron and, for pD.c. magnets, this material or low 
carbon steel with less than 0-1 per cent carbon is normally 
specified. Although the magnetic properties of these 
materials are much inferior to those of the Permendur type, 
the cost is much in their favour—Permendur is very expen- 
sive (about 12s. to 34s. per lb, depending on the quantity 
and whether the material is purchased in ingot form or in 
thin sheets). Very high maximum permeabilities are obtain- 
able with very pure iron, but this is generally of little 
advantage since the high permeability comes at too low a 
flux density: Permendur is to be preferred to electro- 
lytically pure iron in almost all respects. 

To obtain good magnetic properties at high inductions, 
it is advisable to anneal the core material at the fairly low 
temperature of 800°C for the iron-cobalt alloys, and 800° 
to 950°C for iron, and to cool slowly at about 5°C per 








* Standard Telephones & Cables Ltd. publication, B/MB1. 














is reasonably pure iron with less than TABLE 1 
0-1 per cent carbor, but ordinary Properties of commonly used materials 
mild steel is often suitable. As there is | SATURATION 
no close control on the impurities in FERRIC 
mild steel the magnetic properties are INDUCTION | COERCIVE | ELECTRICAL | 
very variable, so there is the danger MATERIAL COMPOSITION (BH) | FORCE | RESISTIVITY | RELATIVE 
that the permeability may turn out to (KILOGAUSS) | (oersteds) | ( Q-cm.) | DENSITY 
be muc wi i | ee 
figure. ites Sic iano Mild steel | <0-25C,0:7Mn | 21-22. approx. 10 78 

: : Lowcarbon | <0-1C 21-5 I ie 10 7:88 
The ideal material should possess a steel 
high permeability at a high flux den- Armco iron 0-1 impurities 21-5 0-05 10 7-88 
sity. By far the best material in this Permendur 50 Co | 24-0 2:0 7 8:3 
respect is a cobalt-iron alloy in which V-Permendur| 1-8V, 49Co 24-0 2:0 26 8:2 
the proportion of cobalt is 30 to 50 Hiperco | 05Cr,35Co | 242 1-0 20 | 80 
percent. The highest saturation density 
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minute. The annealing should be as long as possible—at 
least 1 hour per inch of section at the thickest point. Heat 
treatment in a magnetic field appreciably improves the 
magnetic properties of the commercially available iron- 
cobalt alloys. 

Useful properties of the materials most commonly used 
im D.C. magnets are summarised in Table 1. 


The Magnetostatic Problem 

The main difficulty in magnet design is in assessing 
the total flux at any point in the iron circuit. For most 
practical arrangements, the mathematical problem is 
virtually insoluble. Nevertheless, a mathematical statement 
of the problem is useful, if only to assist in discovering 
analogue solutions. The first equation which must be 
satisfied has already been given in Equation (2); it is: 

$. Hdl = 4x/10§, JdS in integral form. 
The second equation to be satisfied is: 
J. BdS = 0 in integral form............. (5) 


Equation (2) says that on completing a circuit the gain 
in M.M.F. is proportional to the total current embraced; 
equation (5) says that flux is not created, or flux lines are 


continuous. The boundary conditions which are applicable 
are: 

Hiipar) = Hairpar) \ 
= 1 Ha I RC Re 
and Bi(perp) = Hair (perp) (6) 


It is possible to determine the mathematical solution by 
relaxation or other methods, but these methods are exceed- 
ingly tedious, even with apparently simple problems, and 
they will not be considered further. 


Three practical methods of solving the problem are: 


(1) Intelligent estimating, either by estimating the perme- 
ance of component paths and the M.M.F. which are 
operative, by guesswork based on experience, or by 
breaking down the magnetic circuit into a number 
of standard configurations, the permeance of which 
are known, the effective operative M.M.F. again being 
guessed. 


(2) The use of analogue methods such as electrolytic 
baths, resistor networks, etc., or 


(3) The use of models. 


INTELLIGENT ESTIMATING 

The most simple method of determining the permeance 
of the leakage paths is to divide the: magnetic circuit into 
different regions—for example, the regions numbered 1 to 7 
in Fig. 4—then to draw flux lines which may be regarded as 
bounding the permeance path between similarly numbered 
regions, and then to estimate the mean area and mean 
length of these different paths. For example, for the 
arrangement of Fig. 4 we may write: 


: 1:2 ab 
Permeance of gap portion P, = — 7" 
; 4(2ac) 
P anc a ——-) 
ermeance of sides P, THe +O 
Permeance of sides | oe , etc. 
2°S(g + c) 


The numbers 1:2, 4, 2:5, etc., are estimated factors. 


Similarly, the mean effective M.M.F. operative over the 
different regions may be determined by estimating the 
position of the mean line of flux and calculating the current 
embraced by it and the iron. For example, 0, = 0, = 2, 
= 0, 0, = 090, Q, = 0-60, etc., where the factors 1, 0-9, 
0-6, etc., are again estimated. The leakage fluxes ¢,=0,P,, 
@. = QP, etc., can be determined and the flux at any 
section deduced by summing the contribution from the 
appropriate components. This simple method if used alone 
is not accurate and so it is necessary to be fairly generous 
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when deciding the size of the iron sections. If the esti- 
mates are corrected by tests on a model as described later, 
this method can prove very simple and is then not to be 
despised. 

Another method of estimating the permeance of the 
component leakage paths, in which guessing does not play 
sO important a part, is based on knowing the permeance 
of a number of standard configurations, which may be 
selected as similar to various components of the circuit. 
Again the effective M.M.F. must be estimated. In using this 
method the curves given in Figs. 17 and 18 will be found 
helpful. 

The curve (a) in Fig. 17 was given by Carter in his 
classical paper in J.Instn.Elect.Engrs, 1926. It shows the 
increase in effective pole width (the poles being of infinite 
depth perpendicular to the paper and infinite length out- 
wards from the gap) to account for the flux passing 
between the actual poles up to a position x from the pole 
edge. The field configuration in the equivalent hypothetical 
ideal pole is assumed to be uniform in the gap and of value 
Q/g and zero outside the gap. When x/g > 2°5, the actual 
fringing field takes the form: 





A= Q)/ xx 
that is, the lines of flux are semi-circles. 
basa 
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Fig. 4. The determina- 5 
tion of the permeance / 
between parts of a 
magnetic circuit by / 
summing the contri- | 
bution of easily de- 
fined components of \ 
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It will be observed that {x. Hdx does not tend to a 
limit, so the fringe A does not tend to a limit, but goes on 
increasing as x increases. Fig. 17(a) can be used to deter- 
mine the permeance between long poles, especially with a 
straight gap edge, it being assumed that the flux passing 
between semi-infinite poles up to a distance x equal to the 
pole length will represent fairly. accurately the actual 
fringing. 

In a similar manner the equivalent fringe for the case of 
poles in the form of semi-infinite plates can be derived: 
this is given in Fig. 17(b). Naturally this curve would apply 
only to magnets in which the field between the poles is 
low (say less than 500 gauss), the pole structure then 
taking the form of plates at the end of a much smaller 
section yoke. 

For short cylinders of small radius, the curves of Fig. 17 
are not very helpful and so measurements were made in 
a wedge type electrolytic bath to deduce the variation of 
the effective fringe with both the pole length and the pole 
diameter. The family of curves in Fig. 18 gives the results 
of this test. 

It is useful in estimating permeance, to remember the 
analogy between capacitance and permeance. Using the 
relation 


Pt Fee APNE, o.oo ss (7) 
10 

we can convert the capacitance of an arrangement, 
measured in pF, to the permeance of a similar arrange- 
ment, measured in cm. Hence formule for capacitance, 
listed in many places', can be utilized if appropriate. 
Obviously the inverse holds good, so that the curves of 
figs. 17 and 18 can be used to deduce the capacitance 
between electrodes of the shapes given. 


ANALOGUE SOLUTIONS * 
No simple and convenient analogue appears to be avail- 
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able to solve the general electromagnetic problem of poles 
in the presence of conductors carrying current, although an 
exact analogy is possible using an electrolytic bath or a 
conducting sheet if the problem is restricted to one in two 
dimensions’. In Fig. 5(a) is shown the actual magnet 
system and in Fig. 5(b) is shown how this system is repre- 
sented. A uniform depth of electrolyte is used: the wind- 
ing is represented by probes carrying current proportional 
to the parent current and the iron core is represented by 
insulation. In the electrolytic bath, over a restricted region 
of the surface, the total current fed in is the surface 
integral f ;J,ds. This must equal the current in the electro- 
lyte flowing parallel to the surface across the boundary 
of the region, i.e., h¢. J.dl. That is: 


h$oJedl = Ss Iyds, 


which it will be noticed is similar in form to equation (2). 
The iron is assumed to have infinite permeability( so that 
Hiair(par) = 0; in the bath, however, Jperp = 0. The electro- 
lytic bath representation is, therefore, orthogonal, with J. 
representing Hair in magnitude but being perpendicular to 
H,ir in direction. Lines of current flow in the bath repre- 
sent magnetic equipotentials, and equipotentials in the 
bath represent magnetic lines of force. It is easy to verify 
with simple configurations of calculable permeance that 
resistance in the bath is proportional to permeance in the 
magnetic system. If the total current of all the probes 
representing one side of the winding is known, then a 
measurement of potential difference is all that is necessary 
to determine the resistance; consequently the potential 
difference between opposite sides of any section is pro- 
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portional to the flux passing through that section. 

One source of error in this bath could arise due to 
the conductance of the probes themselves: to represent 
the problem exactly the probes should not alter the 
“horizontal” conductivity, for the winding does not alter 
the permeability. Consequently, too many probes are un- 
desirable and they should be reasonably small in diameter. 
In practice, this error can be made negligible. 

Especially for permeance measurements, Teledeltos 
paper can be used instead of an electrolytic bath. The 
core can here be simply represented by cutting out the 
shape in the paper itself. 

No other representation in the electrolytic bath gives so 
direct and useful an analogy to poles in the presence of 
conductors as the orthogonal bath just described. Poles 
distant from the magnetizing winding, however, can be 
simply and directly represented in an electrolytic bath by 
conducting electrodes, which outline the pole shapes near 
the gap only, the voltage across which being proportional 
to the M.M.F. (magnetic potential Q) across the gap. Equipo- 
tentials in this bath are in a similar relative position to 
equipotentials in the actual system. In order to extend 
the analogy to the case of poles not distant from the 
winding, it is necessary to represent the iron circuit by a 
number of electrodes as in Fig. 6(a), each supplied at a 
voltage proportional to the M.M.F. at its position in the 
iron circuit. We must define the meaning of M.M.F. to 
suit our special purpose, for M.M.F. or magnetic potential 
difference has no meaning in the general electromagnetic 
problem. Here, the M.M.F. between any two electrodes 
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connected by a line of flux is 47/10 times the total ampere 
turns embraced by the circuit formed by that flux line and 
the. enclosing iron circuit less the M.M.F. dropped in that 
enclosing portion of the iron circuit. It is apparent that 
only near the gap will the M.M.F. be clearly defined: to 
determine the M.M.F. distant from the gap, an iterative 
procedure using the electrolytic bath is necessary, in which 
the electrode potentials are first guessed, the resulting flux 
lines deduced, a more accurate estimate of the potentials 
is then made using these results and applying equation (2), 
and so on. For the particular case when the coils are small 
in depth and wound close to the iron as in Fig. 6(b), the 
M.M.F. can be quickly and accurately deduced everywhere’. 

The electrolytic bath using conducting electrodes is a 
great convenience in determining leakage permeances, 
especially mear the gap, and also for determining the field 
distribution in this region. Permeance is directly pro- 
portional to conductance in the bath, and the field is pro- 
portional to the potential difference between closely 
spaced twin probes. 

The electrolytic bath is particularly convenient in 
deducing the attractive force between poles, or between 
poles and armatures, for if the applied M.M.F. is constant 
the force is proportional to aP/ax, which in turn is pro- 
portional to the rate of change with position of the con- 
ductance between electrodes. This type of bath has the 
great advantage over the previous type of Fig. 5 that it 
can be tilted and used for problems with cylindrical 
symmetry, the water’s edge corresponding to the axis. A 
three-dimensional electrolytic bath can also be used, of 
course, with three-dimensional metal electrodes represent- 
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Fig. 6. Direct representation of a two-dimensional problem in an electrolytic 
bath in which electric potential in the bath is proportional to magnetic 
potential 
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ing the poles. Teledeltos paper is also useful in the direct 
analogy, but only for problems in two dimensions. The 
electrodes can be painted on to the Teledeltos paper using 
a conducting paint, ie. Aquadag. 

It is obviously possible to utilize the analogy with electro- 
statics by making full scale or model electrodes similar 
to the poles and measuring the capacitance between them, 
when the permeance can be calculated by equation (7); 
this method is sometimes useful for three-dimensional prob- 
lems where the poles are of awkward shape, as an alter- 
native to the three-dimensional electrolytic tank. The 
electrodes can be simple structures covered with tinfoil or 
may even, perhaps, be plasticine dipped in conducting 
paint. A convenient method of measurement is by sub- 
stitution. For example, if an accurate graduated variable 
capacitor is available, the capacitance of the electrode is 
measured by balancing a bridge with the variable capa- 
citor in parallel set to a low value. The electrodes are 
then removed leaving all leads, which should be of small 
diameter wire, still in position and the variable capacitor 
is increased in value until the bridge is again balanced, 
the change in capacitance being noted. Convenient and 
manageable sizes of electrodes usually reauire capacitances 
of the order of 5 to 50pF to be measured. A symmetrical 
arrangement giving rise to an obvious equipotential plane 
can always be utilized to simplify the model making, the 
capacitance being measured between one electrode and 
a conducting sheet representing the equipotential plane. It 
is evident that the required capacitance is then a half of 
the measured capacitance. 
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MODELS 

The usefulness of the methods of estimating the total 
flux at any position in a core which have been outlined 
in the previous two sections depend very largely on the 
facilities available to the designer. In some instances an 
awkward problem can be solved with a piece of Teledeltos 
paper, a dry battery and a multi-ramge D.c. meter; in other 
cases, it may be a ten minute job to measure the capa- 
citance of a suitable electrode arrangement. In general, 
however, and especially for large and costly magnets, by 
far the best methods of designing, or checking a design, 
is using models. The procedure is then to design the 
magnet in the manner previously suggested, utilizing any 
information which may be available, then checking the 
design and resolving uncertainties using small scale 
models. If a scale model is to be made, flux calculations 
by the first method outlined by intelligent estimating is 
usually all that is necessary, and the whole design then 
becomes quick and sure. 

Consider a scale model of a magnet, reduced in size 
in exact proportion, but in which the flux density in the 
iron and the field in the gap is the same. If the linear 
scale ratio of the model to the original is L = Im/l, where 
the suffix “‘m” is used to refer to the model, it is simple 
to show that the ratio of the model to the original of the 


permeantce P CCL, 
flux o Geis. 
M.M.F. Q och, 
D.c. power W CE, 
core section A; 3 e iy 
surface area As oa. 
and watts/sq. in. of 
coil surface area CODE 


The size of the model is mainly influenced by :— 
(1) Convenience of making; 


(2) The emery of the fluxmeter used in testing the 
model; 

(3) The temperature rise of the exciting coils of the 
model; 

(4) Whether field measurements in the gap are to be 
made. 


From the point of view of convenience in making it 
is obviously desirable to keep the model of such size that 
it is easily and cheaply made. 

The size dictated by the requirements of the fluxmeter 
is easily assessed. Consider a type of fluxmeter in com- 
mon use having a full scale deflexion corresponding to 
120 x 10* Maxwell turns (or line turns). If it assumed 
that the flux density in the iron is 10 kilogauss, and that 
winding 25 turns round the core is not regarded as being 
too laborious, and assuming that 25 x 10* Maxwell turns 
is sufficient deflexion (approximately 2 per cent accuracy), 
then Isq.cm. of core area is required. Ballistic galvano- 
meters can be obtained with a sensitivity 10 to 100 times 
that of this fluxmeter, so enabling the size of the model 
to be reduced, less search turns to be used, or the accuracy 
to be increased. It will be seen, however, that the core 
size demanded by the requirements of a normal fluxmeter 
does not conflict with (1) above. 

Assuming that the temperature rise of the winding is 
proportional to the surface dissipation, as is the case over 
a reasonable range with natural and forced air cooling, 
then the temperature rise is inversely proportional to the 
scale factor L. This means that small scale models tend, 
to get very hot, so that very small models are not to be 
recommended. It must be remembered that the excitation 
need not be continuous and the windings can be run very 
hot since it only has to survive the test; moreover, it is 
often convenient to cool the windirg with blown air. 

If measurements of field uniformity are to be made in 
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the gap, this will require a more continuous rating for the 
coil, but in any case the gap will then need to be of 
reasonable dimensions to assist the actual field measure- 
ments. The field cam be measured in various ways: the 
most common method is using a search coil and flux- 
meter; or a magnetometer type field meter may be used, 
or a Hall effect gaussmeter which has an element of only 
a few square millimetres in size. Accurate positioning of 
the element itself requires the poles and gaps to be of 
reasonable dimensions. 

One of the first tests to be made with a model is to 
measure the flux at any reasonable position in the iron 
circuit, preferably near the gap, and plot the flux to a 
base of magmetizing ampere turns. A well-known curve 
results, as shown in Fig. 7, which is similar to the open 
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Fig. 7. Magnetization curve cf a D.C. magnet from which can ‘be deduced 
the field in the gap and the ampere-turns dropped in the iron circuit 


circuit magnetization curve of a machine. The air-gap 
line drawn tangential to the curve at the origin gives 
the proportion of the applied ampere turns which are 
applied at the gap itself (this is accurate provided (//g)/ 
Htmax <1), hence the mean field across the gap is simply 
Hu = 47/10 . Ni,/g. 
Since the mean field required is known, NJ, can be calcu- 
lated and it can be checked to see if, at this value of 
NI,, the total ampere turns NJ; is only 5 or 10 per cent 
greater, say, the value aimed for in the design. It is seen 
that unless field uniformity measurements are necessary, 
there is no need to measure directly the field in the gap. 


(To be continued) 
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GERMANIUM TRIODE PRODUCTION 


A germanium triode of the point contact type which has 
for some time past been exhibited by the Research Laboratories 
of The General Electric Co. Ltd at the Physical Society and 
similar exhibitions, is now in_ pilot plant production in the 
company’s works and is available to equipment makers in 
sufficient quantities for experimental work and prototype equip- 
ment. The triode uses single crystal germanium, and the unit 
is hermetically sealed in a metal can insulated from all elec- 
trodes. Flexible leads are provided for the connexions. 

The triode is suitable for use in amplifiers, oscillators and 
for electronic switching applications. The current gain is 
greater than 2, the “knee” voltage is less than 3, and the 
collector current at —30V for zero emitter bias is less than 
2mA. The maximum D.c. collector voltage is —50V, but normal 
operation is with much Igwer voltage, supplies of 22}V being 
typical. Whatever the collector voltage used the dissipation 
should be kept below 100mW. 
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The Theory and Design of Cathode 
Follower Output Stages 


By E. T. Emms,* A.R.C.S., B.Sc. 


The cathode-follower output stage finds extensive use in cases where an output is required 
which may go both positive and negative with respect to earth. The author points out the 
limitations imposed on the design and gives a method of design which may be safely employed. 

The article also discusses the choice of valve to be employed. 


HIS article deals with the design and behaviour of 
cathode-follower output stages feeding loads having an 
earthy end. This type of stage finds extensive use in 
buffer feedback amplifiers, integrating amplifiers, for 
driving servo-mechanisms, and in any application which 
requires outputs going both positive and negative with 
respect to earth. The circuit is shown in Fig. 1. 
The chief limitations imposed on the design are three 
in number : — 
(a) If reasonable linearity is to be achieved the valve 
anode current must not approach cut-off too closely; 
(b) The maximum cathode current recommended by the 
valve manufacturers must not be exceeded; 
(c) The maximum anode dissipation rating recommended 
by the valve manufacturers must not be exceeded. 
Limitation (a) may be explained in 
greater detail as follows. As the grid 
potential of the valve is reduced the 
anode current falls and the cathode 
potential falls correspondingly. Now 
let us assume that the grid 
potential is reduced sufficiently so 
that the valve is just cut-off. Since 
no anode current flows the current in 
the load is E/(Rx + Rx). Further 
decrease of the grid potential now -F 
has no effect on this load current, and : ar 
so the linearity (output voltage to in- _—Fis- 1. Basie circuit 
put voltage) is radically changed from 
that obtaining when the valve is conducting. We may 
therefore assume that if good linearity is to be achieved, 
the valve cut-off must not be approached too closely. 


+E 





Circuit Analysis 

Let the cathode potential of the valve be V relative to 
earth. The current in the load is then V/ Rx, while that 
in the cathode resistor (V + E)/Rx. The anode current 
is the sum of these two currents, giving: 


E 1 1 
i, = Ry + v( Rx + Rt ) ee (1) 
The anode-cathode potential of the valve is: 
LR (ES: 2 ee era Serer (2) 


Now suppose that the voltage across the load must be 
varied between the limits +V’ and V’. When the cathode 
potential with respect to earth is —V’ the load current is 
V’/Rx, while the cathode resistor current is (E — V’)/ Rx 
(Fig. 2). 

If the valve is not to be cut off we must have: 

(E — V)/Rx > V'/ Rt 


ns | 8 ed | rr ran (3) 


This equation gives the upper limit for the value of the 
cathode resistor Rx. 


or 


* Air Trainers Ltd. 
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Now let us consider the operation when the cathode 
is at a potential +V’ with respect to earth (Fig. 3). The 
load current is V’/R:, while the cathode current is 
(E + V’)/Rx, so that the anode current is: 

(E + V)/Rx + (V'/Rt) 

If the maximum permitted steady cathode current 

(recommended by the valve manufacturer) is J’, we have: 
I’. > (E + V)/Rx + (V’/ Rx) 


Ry > (E + V’)/[Ila — (V’/Rx)] ...... (4) 
This equation gives the lower limit for the value of the 
cathode resistor Rx. 

We must now take the remaining limiting factor into 
account—namely, the permissible anode dissipation of the 
valve. At any cathode potential V the anode dissipation is 
obtained using equa- 
tions (1) and (2). 

W, saa TVa = 
(E — V)((E/ Rx) + 
V(1/Rx + 1/Rx)] 

Saakin (5) 

We may now dif- 
ferentiate W, with 
respect to V to find &V’ 
the value of the 
output voltage at 
which the valve dis- Fig. 2. Cathode —V’ Fig. 3. Cathode +V’ 
sipation is a maxi- 
mum. We find that maximum dissipation occurs when: 


. or 





V =(E/2)/[1 + (Ri/Ry)] ......0-:. (6) 


and inserting this in Equation (5) we find: 
ee EP [1+ QR1/ Rx)’ 
~ lis, {1 + (R1/Rx)] 
In many cases the maximum output voltage required (V’) 
is not as great as the value of V given by Equation (6). 
When this is so the maximum dissipation occurs with 
V = V’. Thus summarizing we have: 








,_ EB [+ QRi/Rol ee | 
siete 4R, [Il + (R1/Rx)] oe 2[1 + (R1/ Rx) { 
Ey’ oo. ; eS ae 
wae (E+ VQ + Rx/Riv)V <n + (Ri/ Rol 


Sy nd eS Oe (8) 


The Choice of Output Valve 
The preceding analysis may be used to give a guide to 
the required characteristics of the output valve to drive 
a given load. Let us consider that the valve is just driven 
to cut-off when the output is — V’. Then from equation (3): 
Rx = Ri[(E/V) — 1] 
and inserting this in equations (4) and (8) we find that the 
maximum valve cathode current is: 
I, = (2EV’)/[RU(E — V’)] .......... (9) 
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while the maximum anode dissipation is given by: 
W, = [E(E + V’)’]/[4RuW(E — V’)| Vi > E/3 
= (2EV’)/ Ru VS E/3 | 
We shall illustrate the use of equations (9) and (10) in 
determining the type of output valve required by an 
example. Suppose the load resistor is 400 ohms and that 
we require a voltage output across it ranging from —20 to 
+20 volts. The available u.T. supplies are +250 volts 
and —250 volts. Thus V’ = 20, Ri = 400, E = 250. From 
Equation (9) we find that the maximum anode current 
required is: 
(2EV’)/[Ru(E — V’)] = (2 x 250 x 20)/(400 x 230) = 108 mA 


Since V’ < E/3, the maximum anode dissipation is (from 
equation (10) ) 


(2EV’)/ Ru = (2 x 250 x 20)/400 = 25 watts 


Thus a valve which has an available cathode current of 
108mA or more, and an anode dissipation of 25 watts or 
more, is capable of serving as the output valve. 

If in the interests of linearity it is desired to avoid 
approach to cut-off, the desired valve would have ratings 
somewhat in excess of those stated above. In fact if we 
choose a valve having ratings 20 per cent (or more) in 
excess of those stated above, we may expect good linearity. 


A Complete Design 

Let us suppose that we have to produce + 100 volts 
across a 25kQ) load; the H.T. supplies are + 250 volts and 
— 250 volts. Thus V’ = 100, E = 250, Ri = 25000. Using 
Equation (9) we find that the valve required has a maxi- 
mum cathode current somewhat in excess of: 

(2EV’)/(Ru(E — V’)] = 13-3mA 
while since V’ > E/3 the anode dissipation rating of the 
valve must be in excess of (equation (10) ). 
[E(E + V’)"]/[4Riu(E — V’)] = 2:04 watts 

Accordingly we might choose to use one section of the 
double triode 12AU7. This has a maximum permissible 
cathode current of 20mA per section and an anode dis- 
sipation rating of 2-75 watts per section. 

From equation (3) we have: 

Rx < Ri[(E/V") — 1] = 25 x 10°[(250/100) — 1] 


ee! 


so 
Rx < 37-5kQ 
while from equation (4) we have: 
Rx > (E+ V)/[la—(V'/ Rx)] = 350/(20 x 10-* — 4x 10-*) 
or 
Rx > 21-9kO 


Thus we find that the value of the cathode resistor must 
be between 21:9kQ and 37:5kQ. We shall consider opera- 
tion when the possible standard values are used, employ- 


ing the equations derived in the analysis to build up ° 














expected. Thus in this example Equa- 
tions (1) and (2) become: 
V, = 250 —V 
I,(mA) = 9:26 + 0-077V 
Thus we may find the values of V, 
and J, for any value of V and then 
using the /,— V, characteristics of the 
valve find the value of V,x required. oun 
This procedure is illustrated in 
Table 2. 





= 2SOV 
Fig. 4. Complee design 








TABLE 2 
V (volts) | Va (volts) | Ja (mA) | Vex (volts) | Vg (volts) 
—100 350 1:56 —23°8 — 123-8 
— 80 330 3:10 —19-2 — 99-2 
— 60 310 4-64 —16-4 — 76:4 
— 40 290 6°18 —14-0 — 54-0 
— 20 270 7:72 —11-6 — 316 
— 0 250 9-26 — 88 — 88 
+ 20 230 10:80 — 64 + 13-6 
+ 40 210 12:34 — 42 + 35:8 
+ 60 190 13-88 — 2:7 + 573 
+ 80 170 15-43 — 17 + 78-3 
+100 150 16-96 — 06 + 99-4 























Table 1. 
TABLE 1 
Rx (kQ) a Es a 22 27 33 
I, MIN. (MA)... Hg “ 2°82 |. 1°56 0:54 
I, MAX.(mA) .. ba AY 19-9 17:0 14-6 
|. Siar eas 3:14 | 263 | 2:24 

















The first case (with Rx = 22kQ) is not satisfactory as 
the anode dissipation rating of 2:75 watts is exceeded. The 
remaining cases are satisfactory from this point of view, 
but it is better to choose Rx = 27k, as it is to be expected 
that more linear operation will be obtained with the higher 
minimum current. 

The circuit is shown in Fig. 4. We may actually proceed 
further, if necessary, and predict the linearity to be 
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These results are shown in Fig. 5, compared with the 
output-input voltage curve obtained experimentally. It will 
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be seen that the experimental curve may be predicted to a 
reasonably high degree of accuracy using the methods 
explained in this article. 


Conclusions 

The cathode follower output stage has been examined in 
detail. Procedures are given for choosing the most suit- 
able valve and then proceeding to a final design. The 
designs are such that the maximum current specified for 
the valve is not exceeded; the maximum anode dissipation 
for the valve is not exceeded; the best linearity consistent 
with the two previous limitations is obtained. 
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Automatic C.R.T. 


Trace Brightening 


for Varying Amplitude R.F. Signals 


By J. de Klerk* 


| hae photographing c.R.T. displays of short R.F. pulse 
envelopes of varying amplitude the correct film-time 
exposure is different for each pulse amplitude, due to the 
different degrees of brightness of the pulses. If the time 
exposure is chosen to give an accurately measurable photo- 
graph of the largest amplitude r.F. pulse, smaller ampli- 
tude pulses will be over exposed. This is illustrated in 





Fig. 1. Iustrating the different exposure time required for differing pulse 
amplitudes 





Fig. 2. Correct exposure for small amplitude pulses 


Fig. 1, where the exposure time was chosen to suit the 
brightness of the largest amplitude signal. Fig 2 shows 
that if the exposure time is correct for the smaller ampli- 
tude signals, the larger amplitude signals are underexposed. 

This difficulty can be overcome by automatically in- 
creasing the brightness of the trace in proportion to the 
signal amplitude. Fig. 3 shows how an automatic brighten- 
ing signal is obtained. The R.F. signal being displayed 
on the c.r.T. is rectified by V, and fed to an amplifier, 
whose output gives positive going pulses in proportion to 
the amplitudes of the R.F. signals. These rectified signals, 
whose amplitudes can be varied, are superimposed on the 
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Fig. 3. The automatic brightening circuit 


Fig. 4. The brightening pulse fed to C.R.T. 


Fig. 5. Photograph obtained using the brightening circuit 
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Fig. 6. Time-base suppression 


positive brightening pulse normally obtained from the 
time-base circuit. Fig. 4 shows the new brightening pulse 
fed to the grid of the c.R.T, 

By varying R, and the normal brightness control, it is 
possible to attain nearly uniform brightness of the R.F. 
pulse envelopes whatever their amplitudes may be, as shown 
in Fig. 5. It is also possible to display the pulses without 
showing the time-base, as shown in Fig. 6. 

The coupling between L, and L, is chosen to reduce 





Fig. 7. Two methods of displaying ultrasonic pulses 


to a minimum the loading of L,. The inductance of L, is 
chosen so that the maximum amplitude R.F. signal does 
not overload V,. 

Fig. 7 shows two methods of displaying received ultra- 
sonic pulses, which have been simultaneously displayed on 
a double-beam c.R.T. Greater accuracy of amplitude 
measurement can be obtained from the R.F. pulse envelope 
method of display (lower trace) than from the rectified 
method as shown in Fig. 7. 





A Wide-Range Oscillator for use with the Mass- 
Spectrometer Probe 


By R. L. F. Boyd*, Ph.D., A.M.LE.E., and D. Morris*, B.Sc. 


The study of a wide variety of gas discharges by the R.F. mass-spectrometer probe demands a 
source of radio frequency energy variable over a wide range. 

It is important, too, that the output voltage shall remain constant as the frequency is varied. 
The oscillator described in this article employs a self excited double beam-tetrode coupled to a 
capacitively loaded parallel line resonant circuit. 

A range of 6-100Mc/s is provided without switching and the output voltage is maintained con- 
stant within +5 per cent, at any predetermined level between 1 and 15 volts. 


HE R.F. mass-spectrometer probe’ was developed to 

provide a means of identifying and studying the con- 
centrations of ions in gaseous discharges. Ions passing 
through a small orifice in a plane Langmuir probe receive 
an initial acceleration of several hundred volts and then 
pass through a system of some twelve coaxial disks or 
cylinders arranged along the line of flight of the ions and 
having an R.F. voltage fed in antiphase to alternate disks. 

A definite proportion of those ions whose time of flight 
is six whole periods of the radio frequency receive 
sufficient energy from the R.F. to penetrate a grid at a 
retarding potential. The proportion depends on the relative 
magnitudes of the R.F. and retarding potentials and for 
this reason the output voltage of the oscillator must remain 
constant as the frequency is changed. The required R.F. 
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voltage is about 5 volts peak-to-peak and the load 
(including the leads) is predominantly capacitive (about 
12pF, although the inductance of the leads can be impor- 
tant at the higher frequencies). 

The upper limit of the frequency range is set by the 
velocity of H+ at 800 volts which is the normal accelerating 
voltage. For a twelve stage instrument having a path 
length of. 2:5cm this gives a frequency of 98Mc/s. A 
frequency range of 17:1 gives a mass range of 1:290 
thus taking in all atomic ions and the great majority of 
molecular ions likely to be encountered. A high frequency 
stability is not necessary as the resolution is low. 

To reduce the leakage of the r.F. to other electrodes 
and to the electrometer; used to measure the beam current, 
a balanced R.F. system is employed and adequate screening 
has been provided. 
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General Description of the Oscillator 


The problem of designing an oscillator covering the 
range 6-100Mc/s turns upon the choice of the form of 
the tuned circuit. It is clear that if the range is to be 
covered without excessive switching or coil changing both 
L and C must vary together. 

The most successful arrangement (Fig. 1) has been found 
to-be a resonant line whose electrical length may be varied 
in synchronism with a variable capacitor connected across 
its open end. At the high frequency end of the range the 
capacitance across the line is almost entirely the residual 
capacitance of the capacitor and the valve, and the fre- 
quency is largely determined by the line length. At the low 
frequency end of the range the capacitance of the capacitor 
is the principal factor controlling the frequency. 

Fortunately no tuning of the grid circuits is required in 
this frequency range so that a very simple self-excited 
class-C arrangement suffices, the grids being fed through 
small adjustable capacitors from opposing anodes. 

To make the instrument of manageable proportions the 
line of 16 s.w.c. silver wire is stretched around a pair 
of 24in diameter disks spaced 2in apart (Fig. 2). Its 
effective length is varied by a pair of silver contacts carried 
on an arm which rotates about the centre of the disks. 
The motion is also conveyed by a cam system to the rotor 
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Fig. 1. Circuit of the oscillator 


of the capacitor connected across the open ends of the 
line. In this way the capacitance is made to vary much 
more rapidly at the lower frequencies and so gives a better 
scale shape while permitting the retention of a compact 
capacitor construction. 

The apparatus, apart from the power pack, is housed 
in an aluminium box 28in square and 6in deep giving a 
minimum clearance between the line and the box of 2in. 
In one corner with its anode pins very close to the line 
end is the 832 beam-tetrode. In the other corners are 
respectively a built-in wavemeter (necessary because the 
frequency depends on the capacitance of the load), an 
output meter and the self monitoring control circuit. The 
power pack is built on a separate panel mounting chassis 
and connected by screened leads. 


The Control Circuit and the Ancillary Equipment 


The amplitude of the R.F. output is controlled by auto- 
matic regulation of the H.T. supply voltage effected by 
supplying the u.T. from the cathode of an 1189 beam- 
tetrode. A germanium diode connected across the R.F. 
outputs, provides a D.c. voltage proportional to the R.F. 
voltage. This is amplified by a single EF50 pentode. The 
voltage so obtained is applied to the grid of the 1189 
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cathode-follower, D.c. coupling being provided by a 
miniature 90 volt battery. Amplitude control is effected 
by variation of the negative bias applied to the rectifier 
circuit. For the present purposes a single EF50 amplifying 
stage in the monitor is found to be sufficient. 

The R.F. appearing across the output sockets of the 
oscillator is somewhat less than the generated voltage, by 
virtue of the series capacitors inserted in order to reduce 
the loading of the oscillator by the capacitance of the 
probe. It is this R.F. voltage which is monitored. Providing 
short leads to the probe are used, this is equivalent to 
controlling from the r.F. across the load itself. If long 
leads are used, the monitoring voltage may be taken from 
the R.F. voltage across the electrodes of the probe itself 
by mounting the rectifier circuit and its screened leads 
inside the probe head. 


Performance 


Because of the difficulty of matching a long cable to 
the impedance of the probe over a wide frequency band 
without tuning at the probe end, the oscillator is mounted 
on a rack very close to the probe so that the leads are 





Fig. 2. The resonant line 


only a few inches long. The anodes of the oscillator valve 
are coupled to the output by 30pF trimmers adjusted so 
that the oscillator attains a maximum frequency of 
100Mc/s when feeding into a 12pF load. 

The dependence of the output voltage on fluctuations 
of the mains voltage showed a change of about 1} per 
cent for a 10 per cent change in the latter. A drift in 
output voltage of the same order was found in the first 
hour after switching on, a few minutes having been allowed 
for initial warming up. 

At a given setting of the output control the output voltage 
remains constant to within +5 per cent over the whole 
frequency range. 
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A Simple Decimal Counter Using Binary Units 


By W. C. G. Slatter* 


A code for expressing the integers 0-9 in four binary digits is described. This code permits the 
use of a simple circuit arrangement for counting in decimal form. The circuits can be modified 
easily for normal binary counting. 


HE advantage of using binary digits when using 

electrical circuits for arithmetic purposes has been 
thoroughly established. |The expression of a result in 
binary form has disadvantages when its meaning is to be 
interpreted, or used for subsequent calculations, by 
human operators. A compromise is obtained by using a 
binary coded decimal system in which each digit in the 
decimal representation of a number is represented by four 
binary digits. The various combinations of the four 
binary digits are coded representations of the integers 
0 to 9. The most obvious code is the normal binary one 
in which the binary digits represent in sequence ascend- 
ing powers of 2 (Table 1). (In this and other illustrations 
the least significant digit is on the right, corresponding to 
the accepted convention for decimal representation of 
number.) To count in this system, binary counting circuits 
are taken in groups of four and a “feed-back” circuit 
introduced such that when the condition corresponding 
to a count of nine is reached, a further input pulse gives 
an output pulse and resets the group to zero. 


Alternative Codes 


The sixteen different combinations of four binary digits 


can be chosen to represent the integers 0 to 9 in approxi- 
mately twenty-nine thousand million different ways 
(16!/6!). In the majority of cases the code is too com- 
plicated to have practical application. For most purposes 
it is essential that there should be a simple relationship 
between the representation of successive integer values, and 
it is always better and sometimes essential that each binary 
digit should always represent the same number in every 
combination in which it is used. It should be noted that 
if the binary digits have significance other than ascending 
powers of 2, values are not uniquely represented. There 
can be ambiguity in encoding a number but not in 
decoding. 

Some of the possible codes have been adopted to meet 
special requirements. Where the results have to be read 
or used in decimal form it is usual to make use of resist- 
ance matrices. It has been shown’ that permissible 
tolerances are greater with some codes than with others. 

The simplest display is that in which the condition of 
each stage is indicated directly. In such circumstances the 
main requirements are simplicity of the circuits and ease 
of recognition of the pattern for each value. 


Design of a Scale of Ten 


The simplest combination of four binary circuits is in 
sequence producing a scale of sixteen in normal binary 
code. Any circuit arrangements of four binary stages to 
give a scale of ten is best considered as derived, by modifi- 
cation, from the normal binary combination. The 
modification can be either static in which in certain con- 
figurations the action of the next input pulse is modified 
by the intervention of gating, or inhibition of certain 
functions; or dynamic in which certain changes of con- 
figuration cause the generation of internal pulses to cause 
further change of configuration. A dynamic system may 
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also require inhibition of certain functions, and this may 
be done temporarily as a direct consequence of the 
internal pulses. In general this will increase the operating 
time and decrease the maximum counting rate. Fergusson 
and Fraser’, differentiate between “eight plus two” and 
“ sixteen minus six” scales of ten; but this distinction is 
not fundamental, the difference being whether the change 
from the normal binary condition or operation takes place 
after registering nine, or earlier in the cycle of operation. 
All uses of four binary stages must in effect be considered 


TABLE 1 
No:mal Binary Representation of Iategers 0 to 9 

0=0000 5=0101 
1=0001 6=0110 
2=0010 7=0111 
3=0011 8=1000 
4=—0100 9=1001 

TABLE 2 
Code for Simple Counter Described 
0=0000 5=0101 
1=0001 6=0110 
2=0010 7=0111 
3=0011 8=1110 
4=—0100 9=1111 


as “sixteen minus six”, and for ten input pulses, an 
additional six must be counted internally either by the 
generation of pulses, or by static changes of operating 
conditions that cause the same effect. 

In circumstances where simplicity of circuit is the 
primary requirement, dynamic operation is preferred, 
requiring fewer components, and being less dependent on 
close tolerances. If the highest counting rate is to be 
maintained, there must be no inhibition of function and 
the internal pulses must be as short as those for normal 
operation. This requires that the internal pulses must be 
produced by a change, or changes, that occur only once 
in a cycle (ten external pulses) and that produce changes 
that themselves cause no further change, i.e., that put a 
binary stage “on”. (The condition of a binary stage 
being “on” coincides with the corresponding digit having 
value one.) Now the only changes that occur only once 
in a cycle are those of the fourth, or most significant, 
binary stage, and the internal change which must 
correspond to an increase of count of six, are additional 
changes of the second and third stages, and which put 
these stages “on” when they are “off”. Generation of 
an internal pulse when the last binary stage goes off would 
lead to one or two stages being on in the configuration 
corresponding to the representation of zero. It is 
considered best to avoid this, which limits the choice to a 
system in which internal pulses put the second and third 
stages on immediately after the fourth stage has come on, 
ie., following the eighth input pulse of a cycle. This leads 
to the code shown in Table 2, which differs from the 
normal binary code only in the representation of eight 
and nine. It should be noted that by ascribing to the 
fourth digit (counting from right to left) the number two, 
the other three having their normal significance of 
2°, 2', and 2?, the system is completely logical and the 
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Fig. 1. A complete decimal counter Breaking the feedback loop at A converts to normal binary counting 


code meets additional requirements to that for which it 
was derived. 

A complete decimal counter, using this code, is shown 
in Fig. 1. This circuit operates up to 500kc/s, and has 
proved quite reliable in use. By removing the “ feed- 
back” diodes the counter is directly converted to normal 
binary counting. 
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A Method of inserting Blanking into a Television Video Waveform 


Preserving the overall gamma 


By J. E. Attew 


fine insertion of blanking into a television signal must 
be performed so that the peaks of the blanking pulses 
coincide with black level, while the inherent curvature 
near cut-off of the “anode-current cut-off” type of 
switching circuit must be eliminated. This is necessary 
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Fig. 2. Characteristics of circuit 
shown in Fig. 1 





Fig. 1. Method of removing cur- 
vature of anode current near 
cut-off in Vb 


because such curvature increases the overall gamma of the 
system. Since the image orthicon type camera has unity 
gamma and the average viewing cathode-ray tube has a 
gamma in the neighbourhood of two, the resultant system 
gamma is higher than ordinarily necessary. 
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Fig. 1 shows a method of obtaining a linear relationship 
of anode current in V., for a change in grid voltage of 
V,. A graph of currents in V,, V.» and R, are shown in 
Fig. 2, using an EFSO for V, with a cathode resistor of 
100 ohms, one section of an ECC91 for V.,, and R, = 
22kQ. This shows the excellent linearity obtainable if zero 
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Fig. 3. Addition of V.a to provide switching circuit 


anode current in V.» is established as black level. 

By using the other half of V, in a switching circuit, 
where the anode current is transferred to this half during 
the blanking period, a very fast method of switching is 
achieved. This switching circuit also effectively clips off 
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Fig. 4. Black level clamping 
circuit 


White positive 

















charged to the bias level set by VR,, which is adjusted 
to give black level as zero anode current in V.». The 
critical time-constant here is (Rs, + Rv/2 + Rs». C,) 
where Rs, is the source impedance of the video input 
signal, Ra is the effective resistance of one diode, and 
Rs, is the source impedance of the circuit supplying the 
clamping pulse. The clamping pulse period must be at 
least four times the critical time-constant indicated. 

This clamping circuit has the property of reducing hum 
and microphony introduced into the video signal by the 
preceding amplifiers to. negligible proportions. 

Fig. 5 shows a finalized circuit with the addition of a 
similar switching circuit to insert synchronizing pulses. 
This is used in a video amplifier with an overall band- 
width of 7:5Mc/s, giving excellent linearity and fast 
switching of the blanking and synchronizing signals. The 
composite waveform at the anode feeds an ECC91, 
arranged to drive an 80 ohms coaxial line. 


Uses as a Linear Wideband Modulator 


This circuit can be used to preserve the gamma of 
modulation of the output of a signal generator. Fig. 6 
shows the proposed circuit. 
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the top and bottom of the blanking signal, without grid 
current flow. 

Fig. 3 shows the addition of this half of the valve to the 
circuit, where V., is normally biased to cut-off, and is 
caused to conduct during the positive going input signal, 
so cutting off the anode current of V.». The gain from 
input to output is approximately (gm Rx1)/(g* Rx + 1) where 
2m is the mutual conductance of V,, and gk gm 
(1 + Ig./In). Ue. and J, are screen and anode currents 
of V, respectively). 

The rigid establishment of black level at zero anode 
current in’ V.» is achieved by means of a clamping circuit, 
using two diodes at the grid of V,. Fig. 4 illustrates this 
circuit. The input signal must include a blanking refer- 
ence, with white positive. The application of blanking to 
the camera tube or flying spot scanner cathode-ray tube, 
achieves this black level reference. The diodes are caused 
to conduct during the line blanking period by the clamping 
pulse, for a period sufficiently long to ensure that C, is 
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Fig. 6. Linear wide- 
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LETTERS TO 


Pree. 217 OR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


The Equivalent Q of RC Networks 


Dear Sir,—In Mr. D. A. H. Brown’s 
interesting article contained in the 
July issue, there appears to be an 
error in the derivation of the basic 
formula from which the Q values are 
calculated. 

Thus, starting from Mr. Brown’s equa- 
tion (1) and using the same notation 

Ses — —wCR’] 

=tan- 


=tan-" be “|i fefleace _ 


Fh. AR Sita (A) 
which differs from Mr. Brown’s equa- 
tion (1). 

However, differentiating and putting 
a=1, ¢= tan ¢, we get for large values 
of Q. 
d¢/da (a=1) = — 2Q which is in agree- 
ment with Mr. Brown despite his original 
error. 

However, Mr. Brown then goes on to 
use this formula which is based on the 
fact that Q is much greater than unity, 
to obtain values of Q which are approxi- 
mately equal to unity. This seems to me 
somewhat improper and a more accurate 
method is appended below. 

Starting from my equation (A) and 
differentiating we get 

dd _ O-—1/Q—3a°Q 

da 1+[aQ(1—«*)— 2/QP 
which for a=1 becomes 

Q(20* + 1) 
Q*+1 
(B) 
Applying this expression to the first of 
the RC circuits considered by Mr. Brown 
d¢ LV 
da et 4 
for three sections we get the equation 
/ / 
29" NW+Q— We =0 
This equation has only one real root, 
this being Q = 0-885 a value which is 
some 30 per cent higher than Mr. Brown’s 
value. Since the solution of cubic equa- 
tion is rather tedious a more approxi- 
mate method is as follows: 
Rewriting my equation (B) 


He-v= —Q(2-1/Q@ +1) 


and for values of Q approximately 
equal to unity then 


_ de 
da 








where 


(a—1) = —— 


Applying this to the circuit considered 
above this yields Q = V3/2 = 0-866 
which is only 2 per cent different from 
the value calculated above. 

Thus a more accurate equivalent Q 
value is obtained by multiplying Mr. 
Brown’s figures by a factor 1-5. 

Yours faithfully, 
P. TENGER, 
Emsworth, Hampshire. 
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Dear Sir,—In his article, interesting 
especially because of the attractive and 
useful definition of the effective Q, in the 
July issue, Mr. D. A. H. Brown made a 
statement which is erroneous. On page 
296 he writes: “It is interesting to note 
that though the phase of the output volt- 
age from a twin-T or bridged-7 network 
jumps continuously from 90° lagging just 
telow the null frequency to 90° leading 
just above the null frequency, the rate of 
change of phase with frequency is con- 
tinuous at the null frequency.” Based 
on this conclusion is the remark at the 
end of the article that it is impossible to 
make a very stable oscillator, for instance 
with a twin-T network. 

It is easily shown, however, that the 
rate of change of phase, far from being 
continuous, jumps from a finite value just 
telow and above the null frequency to 
an infinitely large value at the null fre- 
quency itself. This is the case with any 
null-transmission network. 


aC 
a a 


SAlite 





fal] SEC 





Fig. A. Null transmis- Fig. B. Minimum 
sion network transmission network 


Moreover, as a rule, a null transmis- 
sion network cannot serve as a frequency 
determining network. There must be an 
output voltage for the operating fre- 
quency and for a good frequency sta- 
bility, the phase characteristic should be 
as steep as possible at the same frequency. 
Therefore the null transmission network 
must be altered in such a way that it 
becomes a minimum transmission net- 
work. As a result the slope of phase 
characteristic is less steep, but when the 
alterations are small the steepness will 
te large enough to get a stable oscillator. 

To prove this the null transmission net- 
work of Fig. A must be considered as 
the limit case of the minimum transmis- 
sion network of Fig. B. 

For the minimum transmission net- 
work the following formula holds, if 
e<<cl, 


1 


€+j(a—1/a) 

in which a = w/o, and w = 1/CR. 

From formula (1) it can be derived 
that for the phase ¢ between the output 
and the input voltage the following equa- 
tion holds for small values of ¢€ 

C) =tan-' _4(a—1/a) 

(a—1/a)’+4e 

From (2) it follows: 

d¢ 1 6e(1 +4)—4(1+4) (a—1/ay 


da “| 6(a—1/a)'+{(a—1/a)' +46 }" 





For the operating frequency a=1 this 
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expression becomes: 
d¢/da = 2/ 4) 
According to the definition of the effec- 
tive Q this means: 
iat » 
For the null., transmission network 
(e>O) we thus find an infinitely large 
value of Qerr. 


+"/> 





° 


Fig. C. Showing 
phase characteristics 








-2" 


This can also be seen from the phase 
characteristic of the two discussed cases 
(Fig. C). It should be remarked that the 
phase characteristic of the case e = 0 
can be drawn in two different ways: at 
a=1 jumping from — 7/2 to + 7/2 or 
from — 7/2 to — 37/2. The phase 
characteristic for ¢€ 0 can be drawn 
in one way only. 

From the foregoing it follows that as 
to the effective Q, the twin-T network is 
equivalent to what Mr. Brown calls the 
capacitance bridged-T network of Fig. 11 
of his article. As to the attenuation at 
the operating frequency the twin-7 net- 
work is advantageous with respect to the 
capacitance bridged-T network. At the 
operating frequency the transfer voltage 
ratio of the twin-7 network is given 
according to formula (1). 

E/E, = ¢/4 ife<<i ... @) 

For the transfer voltage ratio, of the 
capacitance bridged network, however, 
the following relation holds for large 
values of a 

E./E, = _2/a2 (8) 

From the formulae (7) and (8) the fol- 
lowing conclusion may be drawn: 

(a) With the twin-7 network the out- 
put voltage may be in phase (e>O) or 
in counterphase (e<O) with the input 
voltage. With the bridged-T network the 
output voltage is always in phase with 
the input voltage. 

(b) To achieve an effective Q of 10 
with the twin-T network an attenuation 
of 1/40 must be accepted (see formulae 
(6) and (7). For the same result with 
the bridged-T network the attenuation is 
1/200 (a=20). To get an oscillator with 
a certain frequency stability more ampli- 
fication is needed in the latter case than 
in the former case. 

From the foregoing argumentation it 
will be clear that the twin-T network as 
a frequency determining network is 
superior with respect to the bridged-T 
network. 

A very small stable RC oscillator can 
be made with the twin-T network. For 
very small negative values of e€ this can 
be done with one valve, as the output 
voltage is in counterphase with the input 
voltage at the operating frequency for 
this case. The more amplification avail- 
able, the smaller € can be chosen and 
as a result the oscillator will be more 
stable. Further theoretical and practical 
details about this problem are given in 
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two articles in the Dutch Journal Her 

P.T.T. bedrijf, October, 1951, and 
February, 1952, respectively. 

Yours faithfully, 
A. P. BOLLE, 

Central Laboratory of the 

Netherlands P.T.T. 

The Hague, Holland. 


. 


The author replies : 


Dear Sir,—I am glad to acknowledge 
the corrections made by Mr. Tenger. The 
approximation based on Q>1 and _ its 
subsequent application to values of Q 
near unity had seemed to me unsatisfac- 
tory. Mr. Tenger’s method avoids this. 

However, the low Q case of the LC 
circuit is complex; it is no longer per- 
missible to take the resonant frequency 
as #,?=1/LC, for the impedance becomes 
resistive when ».?=1/LC — R?/L*. Mr. 
Tenger’s method is itself an approxima- 
tion (based on ,?=1/LC). My approxi- 
mations therefore have the virtue of sim- 
plicity until experimental work deter- 
mines the absolute accuracy of the equiv- 
alent Q. 

The method of Mr. Bolle which con- 
siders zero transmission networks as 
limiting cases of minimum transmission 
networks is most interesting. My equa- 
tion (40) shows that for a Q of 10, 4 
must be 40; for unity loop gain this im- 
plies a network attenuation of 1/40. This 
agrees with Mr. Bolle’s conclusion (b) 
but his method of arriving at this result 
is much more illuminating. 

Yours faithfully, 
D. A. H. BRown, 
T.R.E., Ministry of Supply. 


Investigation of Ionosphoic Absorption 


Dear Sir,—I read in your April and 
May issues the description, by Messrs. 
Jenkins and Ratcliff, of their interesting 
Ionosphere Absorption Measurement 
Apparatus. 

Having worked in the same field for 
several years, I designed an equipment 
fairly different, in some ways, to that of 
Messrs. Jenkins and Ratcliff. but having 
quite analogous purposes. It is now in 
use at the Domont Ionosphére Station 
of the Bureau Ionosphérique Frangais. 

There is, between these apparatus, a 
difference worth noting. I don’t use a 
“noise eliminator” and I think Messrs. 
Jenkins and Ratcliff are wrong with their 
one. I cannot agree that, if both signal 
and noise are present, the mean detected 
value of the composite signal is the sum 
of the mean detected values of the indivi- 
dual components. 

_ Consider, for instance, the case of a 
single, c.w. interfering signal. The 
desired signal would be of the form*: 

(1) x = asin of 

and the interfering signal: 
(2) y = bsin (w + E)t 
we can write: 

(3) (x + y) = (a + bcos Et) 

sin wf + b sin Et cos ot 

As © is very much larger than E, the 
detector stage will deliver a signal pro- 
portional to 

(4) amplitude (x+y)=[(a+b cos Et? 

+(b sin Er? /? 
=[a’+b?+2 ab cos Et]'!? 


* (Just before reaching the detector stage) 
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and the mean detected value will be 


T 
(5) iL [tar+or2 ab cos Et]'/? d (Et). 


This integral is known as “E” inte- 
gral, or “complete elliptical integral of 
the second kind.” It is tabulated, and it 
is obviously an even function of b/a, the 
noise-to-signal ratio. For small values 


of b/a, it is equivalent to: a + = 


This result can be extended without 
difficulty to the case of any number of 
c.w. simultaneously (see B.S.T.J., 23, 282 
(1944); 24, 46 (1945); 27, 109 (1946)). In 
this case, the mean detected value is still 
an even function of the noise-to-signal 
ratio, fairly similar to the above “E” 
integral. 

The proposed method of noise elimina- 
tion would be correct if a square-law or 
a peak detector were used, instead of the 
standard, linear one. With the square- 
law device, the ab term cancels out in the 
process of integration, and with the peak 
detector there is no integral left. but only 
the maximum detected value of a + b. 

Several years ago, the peak detector 
was successfully tried in my laboratory, 
but it is not actually used with our stan- 
dard equipment, because of the intricat2 
circuit involved. The square-law device 
was not tried although it is likely to give 
the same good results, but with about the 
same degree of complexity. 

It is worth noting that, in fact, the 
tables for the “E” integral show that, 
for a= hb, the error made by ignoring 
the interfering signal is only 2db. So I 
am not sure that it is worth while design- 
ing-such an elaborate eliminator. It is 
not impossible that the answer to this 
question would be chiefly a matter of 
severity of interference at the location 
of the station. 

Yours faithfully, 
S. J. ESTRABAUD, 
Laboratoire National 
de Radioélectricité, 
Bagneux. 


The author replies : 


Dear Sir,—We were interested to hear 
from M. Estrabaud of the apparatus 
which he has designed for measuring 
ionospheric absorption. 

It is, of course, true that a noise 
eliminator of the type which we have 
described would give an incorrect result 
in a completely linear system. This 
would mean that the noise sample would 
be arithmetically subtracted from the 
vector sum of signal and noise and would 
tend to give a reading which was too low. 

The use of a square law detector will 
give a correct result and in our apparatus 
the linear detector is followed by an 
amolifier working near the bottom bend 
of its characteristic which yields a result 
essentially the same as that obtained 
from a. square law detector. 

The theoretical analysis of the problem 
of the interference between a wanted 
signal and an unwanted signal which may 
be c.w., pulse or random noise is a 
matter of some complexity. 

As described in our article in which 
results obtained using the manual tech- 
nique were compared with simultaneous 
measurements using this automatic equip- 
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ment, it appeared that under quiet con- 
ditions no serious discrepancy occurred. 

Under conditions of heavy interference 
it is clear that the manual technique 
yields values which are in excess of the 
true signal intensity and some method 
of balancing out the interfering signal is 
highly desirable. The extent to which 
the automatic equipment in its present 
form compensates or over compensates 
for the effect of noise is a matter for 
further experiment. 

The decision as to whether or not @ 
noise eliminator is required will depend 
on the signal-to-noise ratio at the station 
which will be determined by the power 
available at the transmitter as well as the 
severity of interference. The equipment 
we have described was designed so as to 
be capable of use under the most diffi- 
cult conditions—conditions which would 
rormally preclude manual measurement. 

Incidentally, a further disadvantage of 
equipment which does not provide noise 
balance is that it would be necessary to 
maintain a constant vigilance that the 
width of the selector gate corresponded 
closely with the width of the echo pulse. 

Yours faithfully, 

G. RATCLIFF, 

J. B. JENKINS, 
Department of Engineering, 
University College of Swansea. 


Noise Free Instrument Cable 

Dear Sir,—The short article entitled 
“Noise Free Instrument Cable” by 
M. Lorant (July, 1953), on work by the 
American National Bureau of Standards, 
seems to provide yet further evidence of 
the duplication of effort and work which 
the limitation of technical information 
originates. 

The theory postulated and the practical 
conclusions made, which the article 
appears to infer to be new, have been 
accepted generally in the electrical cable 
industry in this country for a number of 
years. “Low Noise” and “ Antimicro- 
phonic ” cables have been advertised and 
manufactured bv leading British cable 
makers, using the technique described, 
for numerous’ instrumentation uses, 
amongst which investigation of the pro- 
pagation of shock waves associated with 
explosions was one of the earliest appli- 
cations during the war years. 

May I suggest that mechanical con- 
siderations and the requirement for mini- 
mum capacitance implied by the use of 
piezo-electric sensing elements and 
cathode-follower stages, impose limita- 
tions on the smallness it is possible to 
achieve with this tyne of cable, and also 
on the materials which mav be used in 
their construction. Hence the final sen- 
tence of the article should only be 
accepted with reserve. 

Yours faithfully, 
D. POLLARD, 
Leigh, Lancashire. 


The author replies : 

Dear Sir, — I have no comments to 
make. The research on noiseless or low 
noise cable has not ended yet; it will go 
on for a long time to come and will, 
very likely. meet again with “ dupli- 
cation of effort” in various lands. 

‘ Yours faithfully, 
MICHAEL LORANT, 
London, W.14. 
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Fernsehtechnik 
(Television Engineering) 


Dr. F. Kirschstein and Dr. C. Krawinkel. 


pp-, 236 figs. Medium 8vo. S. Hirzel Verlag, 
Stuttgart. 1952. Price DM.25. 


_ eee there exists quite a large 
number of treatises on the ever 
increasing field of television engineering, 
this book, written by two experts in the 
theory and practice of this field, will be 
welcomed by all those interested in tele- 
vision and able to study a German text. 
It is primarily intended as an introduction 
for the student of physics and telecom- 
munication engineering already well 
acquainted with the principles of optics 
and electronics. The treatment is to 
some extent mathematical but without 
making too high demands on the reader 
in that respect. A large number of well 
chosen illustrations, diagrams and graphs 
serves for making also more complicated 
methods and systems well comprehensi- 
ble. One hundred and fifty-four refer- 
ences to literature enable the student to 
find further details on the subjects 
treated here. 

As also in Germany the development 
of television was interrupted during the 
war years much use is made of foreign 
literature particularly as regards the pro- 
gress made in the U.S.A. But reference 
is made in some instances also to British 
developments, e.g. mention is made of 
the cps Emitron, of the wide band coaxial 
cable connexion between London and 
Birmingham and of the Manchester- 
Edinburgh television radio relay system. 
On the other hand, no mention is made, 
e.g. of the Skiatron described in this 
journal in January, 1948, and which has 
found wide application in radar engin- 
eering. 

In its eleven chapters the book deals 
with the following subjects: (1) Funda- 
mentals of television engineering, parti- 
cularly the choice of the number of lines 
and its influence on the image quality. 
(2) The transformation of light into elec- 
tric current, giving the characteristics of 
the various photo-electric cells and a 
clear account on secondary electron 
multipliers. (3) The pick-up systems 
without and with image storage. A 
brief digression is made on electron 
optics. The iconoscope, super-icono- 
scope, orthicon and super-orthicon are 
discussed in detail and briefly also recent 
pick-up systems like the isicon and the 
vidicon. (4) This chapter deals with 
image reproduction and discusses the 
Braun tute for direct observation and for 
projection. The principle of Fischer- 
Thiemann’s eidophor-projector is briefly 
discussed, but it is not stated whether 
since its presentation at the 1948 tele- 
vision congress at Zurich it has found 
any ovractical application. (5) The next 
chapter is devoted to a detailed discus- 
sion of the methods used for deflecting 
the electron beam, particularly those for 
producing the saw-tooth characteristic by 
means of relaxation or blocking oscilla- 
tor. (6) The requirements which the 
synchronizing impulses must fulfil, their 
generation and transmission are discussed 
at some length. (7) Video frequency 
amolifiers and tuned amplifiers are dealt 
with and special attention is given to the 
difficulties encountered with high fre- 
quencies in the first case and to the use 
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of staggered pairs and double-tuned cir- 
cuits in the second case. (8) The next 
chapter deals with the modulation of 
carrier waves with image currents. The 
use of the Nyquist filter for vestigial side- 
band transmission is explained. Chap- 
ters X and XI discuss the problems of 
television broadcasting, the transmitters, 
aerials and receivers and the general 
arrangement of a television broadcasting 
station, the means for transmission over 
great distances, relay stations, cables, the 
costs of transmission and finally a brief 
account on colour television. 

The book is written in a lucid style and 
very well produced. 

R. NEUMANN. 


Television Picture Faults 


By John Cura and Leonard Stanley. 68 pp., 138 
figs. Crown 8vo. Television Times Ltd. 1953. 
Price 3s. 6d. 

N the cover of this interesting book- 

let, probably the only one of its kind 
published in Great Britain, it is stated to 
contain 150 actual screen photographs. 
This reviewer counted 149 screen photo- 
graphs and one photograph of an actual 

‘c” card, but they are so interesting and 
well done that it is unlikely that there 
will be any complaints about the error. 

The photographs show practically 
every kind of distortion which can occur 
in a received picture due to incorrect set- 
ting of controls, breakdown of compon- 
ents and design faults. Each distortion 
is described, generally non-technically 
and then technically, and possible causes 
and cures given. In addition there are 
several pictures showing results which can 
be expected from a correctly designed 
and adjusted receiver and the effects of 
various forms of interference upon a 
picture. 

This reviewer would have preferred to 
have seen a few of the photographs 
rather larger, or significant parts of them 
only shown in the available space, such 
as the bandwidth bars in photograph 94, 
which is supposed to show all the bars 
clearly except the 3Mc/s group. In 
fact the 2Mc/s bars seem poor and the 
24Mc/s bars are practically undetectable. 
Picture 19, which is intended to show 
uneven focus is also mutch too small to 
show the fault, and is in addition a quite 
unsuitable picture. The left-hand side 
which is stated to be out of focus shows 
a man in the background and out of 
focus due to insufficient depth of focus 
of the camera. 

Two photographs showing “ pulling on 
whites ” and “ triggering on picture” are 
of a small section of the “c” card only 
and are extremely informative. 

There are a few parts of the text which 
are not at all clearly written, such as the 
statement on page 52 that “the black 
edge of the left-hand side of the picture 
is the Susec delay period which allows 
time for the flyback to end before the 
commencement of the scan.” It would 
be difficult to imagine the scan starting 
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before the end of the flyback. Under 
picture 16 showing mush it is stated that 
“the only remedy for improvement of 
picture quality in fringe areas... . 
Why remedy an improvement of picture 
quality? 

The booklet is, however, very good 
value indeed, a prodigious amount of 
patience, labour and skill must have gone 
into its preparation and it should be of 
great interest to technical and non-tech- 
nical viewers. 

C. H. BANTHORPE. 


The Design of Electronic Measuring 
Instruments 


By F. G. Spreadbury. 102 pp., 63 figs. Demy 8vo. 
Shipbuilding 


The Association of Engineering and Ship 
Draughtsmen. Session 1952-3. Price 4s. 
bh Nicaea the limits of 100 pages the 
theory and design of many elec- 
tronic measuring instruments is well 
given, although it is possible that much 
of the mathematical work will be beyond 
the reader for whom the book is pub- 
lished; it is worthy of a wider circulation 
than appears likely to be the case. To 
some extent the pamphlet (so-called by 
the publishers) is a companion to the 
author’s book “Electronics.” Valve 
voltmeters are thoroughly treated, but the 
C.R.O. is dismissed in one paragraph. 
Headings are: Valve Characteristics; 
Valve Voltmeters; Current Measure- 
ment; Wattmeters; Frequency Measure- 
ment; Stroboscopes; Tachometers 
and Flashlamps; Time  Measure- 
ment and Control; Insulation Test- 
ing; the c.r.o.; Applications of Electron- 
ics to Bridges; Power Supplies. Many 
of the instruments described are of the 
author’s design. The text and mathe- 
matical work are well printed, but many 
of the line diagrams are reduced so much 
as to be nearly illegible without a lens. 
Some mental agility is required in read- 
ing, since p is used instead of » or 27f, 
and w for 2 or ohms; both symbols as 
used here having been ‘obsolete for about 
thirty years. This is one of the few 
British publications on the subject. 
E. H. W. BANNER. 
Télévision Dépannage 

By A. V. J. Martin. 176 pp., 180 figs. Demy 8vo. 
Editions Radio, Paris. 1953. 600 fr. 

HIS is the first book in the French 

language devoted to the installing, 
focusing and repairing of televisors. The 
author has himself had many years of 
experience in servicing televisors and he 
uses his practical knowledge together 
with that of his colleagues in compiling 
this work. 

The book is divided into three sections 
and systematically deals with installation 
and the actual workings and gives a des- 
cription of each instrument in a televisor. 
It also lists nearly every possible cause 
of breakdown together with their 
remedies. 

This work should prove to be of great 
use to any French television enthusiast. 
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Basic Electronic Test Instruments 
By Rufus P. Turner. 256 pp., 172 figs. Medium 
8vo. —— Books Inc., New York. 1953. 
Price $4. 
|= book is directed primarily to the 

man the Americans call a technician, 
to enable him to understand the measure- 
ments he has to make in various appli- 
cations of his art, The use of commercial 
products or kit-built equipment is given 
first place, except for some special pur- 
poses, where home constructed units offer 
the best proposition. 

The book follows a logical sequence, 
building up from simple meters to multi- 
range instruments, including ohmmeters, 
then vacuum tube voltmeters, and meters 
for the measurement of power in different 
circuits, and impedance. Various types 
of bridge circuit are followed by oscillo- 
scope applications, and various types of 
signal generator. Devices for frequency 
measurement and analysis, special equip- 
ment for overall testing, distortion 
measurement, and tube checking, finish 
out quite a comprehensive coverage. 

Most of the sixteen chapters have 
review questions at the end of them, so 
the reader can test the knowledge he 
has gained from the chapter, but this 
reviewer feels that, although the numeri- 
cal calculations involved are simple, the 
value of these questions to technicians 
would be enhanced if answers were pro- 
vided at the back. Another useful 
feature is the list of references for 
further information, given at the end of 
several chapters. 

In the earlier part, the author care- 
fully breaks down multi-purpose circuits, 
so his reader can take in each principle 
by easy stages. Towards the end of the 
book, it would seem that the author felt 
the pressure of either space or time, 
with the result that the amount of atten- 
tion given to such detail seems to vanish. 
The sections dealing with the use of 
Lissajou’s figures and with displays 
using square waves, give rather poor 
illustrations, some of which are very 
unlike any possible display, and there- 
fore would not help the reader in identify- 
ing his findings. 

For showing calibrations, the author 
mostly gives tabulations of figures. This 
reviewer feels that a graphical presenta- 
tion is better for this purpose, with 
actual readings distinguished from the 
theoretical curve in the usual way, where 
appropriate—it would take no more 
space. But maybe some technicians 
prefer masses of figures in a table. 

The book is handsomely produced, 
and in view of its level of presentation, it 
should prove a good investment to the 
technician. 

N. H. CROWHURST. 


Essentials of Microwaves 

By R. B. Muchmore. 236 pp., 201 figs. Royal 8vo. 
Chapman & Hall. 1952. Price 36s. 
T= extension of the radio spectrum 

to frequencies above 1000Mc/s has 
led to many interesting developments and 
given rise to problems which at first sight 
bear little relation to those of ordinary 
radio frequencies. The basic laws which 
govern the behaviour of electro-magnetic 
waves are the same whatever the fre- 
quency, and for an understanding of 
microwave systems it is not necessary to 
introduce new principles but sufficient to 


SEPTEMBER 1953 


make appropriate use of those already 
well understood at the lower frequencies. 
This is the essential theme on which the 
author of the book under review has 
based a very readable account of the 
mechanism of a wide range of microwave 
appliances. 

The principal difference in outlook 
between the radio and the microwave 
engineer is that the former usually works 
with the circuit concepts of voltage and 
current, while the latter thinks in terms 
of electric and magnetic field strengths. 
That these stem from the common basis 
of the fundamental laws of electricity 
and magnetism is well brought out in the 
early chapters. The generation of waves 
on a transmission line is used to provide 
a convenient transition from the circuitry 
to the field approach and paves the way 
for an explanation of the operation of 
the basic microwave elements—wave- 
guides and cavity resonators. 

In the remainder of the book micro- 
wave oscillators and the miscellaneous 
components which are needed to make a 
practical system, such as a radar or a 
relay chain, are described in a similar 
way. The corresponding circuit element 
is examined, the factors which determine 
the highest frequency at which it may be 
used are explained and then field con- 
cepts are used to suggest the microwave 
equivalent. One chapter is devoted to 
the use of microwaves as a tool in aiding 
research into some of the most important 
problems of physics and finally an out- 
line is given of the measurement tech- 
niques available to the microwave 
engineer. 

The above summary gives some indi- 
cation of the wide range of material 
covered in this volume. Throughout it 
is well written and the essential ideas are 
clearly explained without at any time 
introducing mathematical arguments. 
This book is admirably suited to a begin- 
ner in the subject, or to the engineer, 
used to ordinary radio frequencies, who 
wishes to find out what happens at the 
higher frequencies. 

J. BROWN. 


The Magnetic Circuit 
By A. E. De Barr. 62 pp., 19 figs. Crown 8vo. 
The Institute of Physics. 1953. Price 5s. 
b igeme monograph is intended for 
general reading by students in Higher 
National Certificate in Applied Physics 
courses or the first two years of a degree 
course. An account is given of the way 
in which the properties of a magnetic 
material are affected by the way in which 
it is built up into a magnetic circuit. This 
is followed by descriptions of the pro- 
perties of those materials which are most 
influenced in this way. 


Soft Magnetic Materials used 
in Industry 
E. De Barr. 62 pp., 35 figs. Crown 8vo. 

The 2 of Physics. 1953. Price 5s. 
rel is the companion volume to “The 

Magnetic Circuit.” The emphasis 
has been placed on the physical basis of 
magnetic properties and the aim has been 
to try to account, in terms of a physical 
theory of ferro-magnetism, for the parti- 
cular properties of each of the modern 
soft magnetic materials with which the 
book deals. > 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Psophometer 
(Illustrated below) 


HE §S.T.C. 74142-A psophometer is 

designed to measure electrical noise 
levels in telephone and high-quality 
programme circuits in accordance with 
the latest (1951) C.C.LF. specification. 
It incorporates weighting networks for 
both types of circuit, with facilities for 





switching in either of these, or an 
externa] network, or for switching to a 
position giving a flat response. 

An additional facility provided by the 
psophometer is the measurement of 
alternating electromagnetic fields by 
means of a calibrated search coil. 

The measuring range is 254V to 10V 
while the input impedance is not less 
than 6k2 in the frequency band of 
40c/s to S5kc/s. The frequency range, 
as a flat amplifier, is approximately 50c/s 
to 12kc/s with a measuring accuracy of 
better than +1db over the entire range. 


Standard Telephones and Cables Ltd, 
North Woolwich, 
London, E.16. 


Close Accuracy Capacitors 
(Illustrated below) 


LL T.C.C. close accuracy plastic 
film capacitors have been developed 
from the existing Plastopack series 
primarily for use in tuned filters for 
carrier telephony and in remote control 
gear for certain specialized military 
equipment. After a _ series of tests 
including temperature cycling between 





15°C and 60°C the manufacturers can 
guarantee a_ stability of capacitance 
which is better than 0-1 per cent, while 
the power factor is down to -0005 over 
a wide range of frequencies. 

Since it is anticipated that designers 
will specify very precise values of 
capacitance they will normally be made 
to order and no definite range of values 
is published. For values greater than 
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accessories and test instruments. 


0-02uF a tolerance of +0°125 per cent 
can be guaranteed, for lower values the 
tolerance will, of necessity, be greater. 

The working voltage is 350V b.c. and 
a maximum working temperature 
60°C. 


The Telegraph Condenser Co. Ltd, 
North Acton, 
London, W.3. 


Wideband Oscilloscope 
(Illustrated below) 


tne type 830 oscilloscope has been 
designed for general wideband fre- 
quency work and is particularly suitable 
for observing pulse waveforms with very 
fast rise-times. The frequency response 
of the Y amplifier is flat from 30c/s to 
20Mc/s and the time-base provides 
writin ng speeds up to 30cm per micro- 
secon 

The same mechanical design as that 
employed in the Airmec oscilloscope 





aie s = 


type 23 has been adopted, the cathode- 
ray tube being mounted vertically and 
viewed through a surface aluminized 
mirror. The instrument may therefore 
be used in conjunction with the Airmec 
oscilloscope camera type 758. The stan- 
dard instrument is fitted with a fine focus 
cathode-ray tube having a 4 inch diameter 
flat screen providing a green trace, Blue 
(photographic) or long-persistence 
cathode-ray tubes may be fitted to special 
order. 

The Y plate amplifier is a six stage 
unbalanced to balanced circuit. The 
sensitivity with a final anode voltage of 
2kV and at a frequency of 100kc/s is 
greater than 75mV/cm on the normal 
position and approximately eleven times 
greater on high gain, the rise-time being 
25msec. 

The X plate amplifier has a frequency 
response of 30c/s to 1Mc/s +3db and a 
sensitivity at 100kc/s greater than 1V/cm. 
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The hard valve time-base has a sweep 
time range of 0-04sec to lusec, the highest 
writing speed fully expanded being 
30cm/usec. An expansion control is 
provided to expand the trace by up to 
five times. Single sweep triggered opera- 
tion can be obtained using either internal 
or external syncronizing signals. 

Alternative final anode voltages of 1, 
2, or 4kV can be selected by means of a 
switch on the front panel. 


Airmec Ltd, 
High Wycombe, 
Buckinghamshire. 


High Voltage Relay 
(Illustrated below) 


HIS two pole change-over relay 

type 350 was designed primarily for 
aerial switching, but since a very high 
degree of insulation has been achieved, 
it has obviously many other applica- 
tions. The design is based on the manu- 
facturers standard 400 relay series and 
by using a new insulation material and 
wide spacing of contacts the following 
figures are achieved. 





Breakdown voltage between fixed 
contacts and moving blades 3000V. 
Breakdown voltage between fixed 
contacts 12 000V. 
Breakdown voltage between mov- 
ing blades ‘a ; 14 000V. 
Breakdown voltage between closed 
contacts and frame 7 00OV. 
Capacitance between open and 


moving blade Oe 5:SpF. 
Capacitance to frame when relay 
closed : Ss se 4pF. 
Operating ‘time ah 13msec. 
Time off i ia 14msec. 


Electro Methods Ltd, 
Caxton Way, 
Stevenage, Hertfordshire. 


Vacuum Impregnator 
(Illustrated top right) 


‘Tan Blickvac model 4 high vacuum 
impregnator has a chamber 14in in 
diameter by 14in deep and will impreg- 
nate coils to R.I.C. Specification 214. It 
is suitable for either laboratory or small 
scale production use, It will deal with 
waxes, hot or cold varnishes and thermo- 
setting resins and has adequate trapping 
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arrangments for any of these materials. 
It has facilities for admitting dry air and 
for preventing moisture entering the 
pump. Direct indication of vacuum to 
Imm of mercury absolute is provided. 


Blickvac, 
505 Lordship Lane, 
London, S.E.22. 


Coaxial Relay 
(Illustrated below) 


bbe coaxial change-over relay type 
A.01 has a magnetic movement that 
provides adequate contact pressure over 
the normal range of aircraft supply 
voltages (18-28V). The contacts, which 
are rhodium plated, are rated at 5A. 
The relay can be supplied with a charac- 
teristic impedance of 45 or 702. The 
R.F. losses are usually under 0-5db while 
the standing wave ratio measured at 
200Mc/s_ is 1-08:1, the capacitance 
between open contacts being 0-05pF. It 
can be supplied fitted with either British 
Inter-Services or American JAN type 
sockets. 
Besson and Robinson Ltd, 
6 Government Buildings, 
Kidbrook Park Road, 
London, S.E.3. 
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Vitreous Enamelled Resistors 
(Illustrated below) 


HE construction of these resistors 
takes the form of a nickel-chrome 
winding on a ceramic former, capable 
of withstanding severe thermal shocks, 
covered by a protective vitreous enamel. 
They are available in the range of 52 to 
33kQ2 at a rating of 6 watts and 52 to 
47kQ2 at 10 watts. A 3 watt version is 
also manufactured. The normal toler- 
ance is +5 per cent of the stated value. 
Labgear (Cambridge) Lid, 

Willow Place, 

Cambridge. 





Germanium Diodes 


HE range of G.E.C. germanium 

diodes which are of the point-contact 
glass capsule type has recently been 
revised and extended by the addition of 
several new types. 

Of the existing types, the GEX00 has 
been discontinued and the GEX44/1 re- 
placed by the GEX34 for all purposes. 
The GEX34 is intended primarily for use 
as a television sound detector and sound 
noise limiter, and as a high level vision 
detector. It is capable of driving the 
sound output stage direct, where a suffi- 
ciently great R.F. input is available. The 
GEX35 remains the recommended type 
for low level vision detection and general 
purpose use. 

The GEX45/1 and GEX55/1 high back 
resistance general purpose diodes are con- 
tinued unchanged as is the GEX66 low- 
resistance V.H.F. mixer which will oper- 
ate efficiently up to 1000Mc/s and give 
a useful response at frequencies as high 
as 10000Mc/s. 

The GEX64 low resistance mixer is 
now supplied in groups matched for 5mA 
forward current in the voltage range 0-2 
to 0:3V, for use in telephony modulators 
and similar bridge circuits. 

The new types include the GEX36, a 
mixer diode and telephony modulator for 
use at higher voltage than the GEX64; 
it is available in groups matched for for- 
ward current at 5mA in the voltage range 
0-675 to 0-875V. 

A comp'etely new group of diodes, the 
GEX54 group, comprises a number of 
high back voltage diodes, GEX54, 
GEX54/3, GEX54/4 and GEX54/5, 
which will operate at voltages of 80, 100, 
150 and 200V respectively. 


General Electric Co. Ltd, 
Magnet House, 
Kingsway, London, W.C.2. 


Miniature Transformers 


‘WO new miniature transformers have 

recently been introduced by John Bell 
& Croyden. The type O unit measures 
din xX #in xtHin and it is an interstage 
transistor transformer or general coup- 
ling transformer. The inductance is 4H at 
0-4mA over the normal audio frequency 
band. The step-down ratio is 45:1 with a 
D.c. resistance of 870 ohms primary and 


399 


170 ohms secondary. This transformer 


has a mumetal core, and can be suppiied 

with a screening can if required. 
The type A measures jin x 9/16in 

It is an 


x 7/16in across the bobbin. 


Type O (below) 
Type A (right 





interstage transformer for matching a 
high gain pentode to a transistor, and has 
a primary of 125H at 50uA. The step- 
down ratio is 30:1; the pD.c. primary 
resistance is 60C0 ohms; the secondary 
resistance is 80 ohms. 

Both of these transformers are illus- 
trated at approximately their actual 
size. 


John Bell and Croyden Ltd, 
117 High Street, 
Oxford. 


Independent Sideband Receiver 
(Illustrated below) 


HE Mullard independent sideband 

receiver has been designed for con- 
tinuous use on long distance circuits 
passing telephone and telegraph traffic, 
and it provides for the simultaneous and 
independent reception of four telephone 
channels of 3kc/s bandwidth, or two 
channels of broadcast quality of 6kc/s 
bandwidth. Alternatively each sideband 
can be used to accommodate several 
voice frequency telegraph channels. 

The receiver covers the band 
4-30Mc/s in three ranges. It is of the 
double superheterodyne type with inter- 
mediate frequencies of 3-:1Mc/s and 
100kc/s. The first oscillator can be used 
with crystal control, providing a choice of 
nine spot frequencies, or alternatively 
as a high stability variable oscillator. 
The second oscillator is self-excited, and 
operates at a nominal frequency of 
30Mc/s. It has an A.F.C. motor- 
operated tuning capacitor covering a 
frequency range of +4kc/s, and the 
design is such that the control is opera- 
tive even during deep fades, 

The output from the second LF. 
amplifier is applied, via hybrid trans- 
formers, to upper and lower sideband 
and carrier filters employing X-cut 
crystals. 

Each sideband amplifier is preceded 
by an attenuator so that sideband levels 
of up to 4db higher or 16db lower than 
normal can be corrected to give normal 
level at the demodulator. Forward 
acting A.G.c. is applied to the second 
amplifier valve to compensate for the 
rise of sideband level of about 6db that 
remains after the normal a.G.c. has 
operated on the R.F. units. Balanced 
diode demodulators, fed from a single 
hybrid transformer are employed in 
both channels, the aA.F. output being 
almost independent of carrier level. 

The equipment is mounted in a stan- 
dard rack and cabinet, with doors at 
both sides and at the back, 

Mullard Ltd, 

‘ Century House, 

Shaftesbury Avenue, 
London, W.C.2. 
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Notes from the Industry 


Dr. B. V. Bowden, of Ferranti Ltd., 
has been appointed Principal of the 
College of Technology, Manchester, and 
will take up this new post on 1 Septem- 
ber. 


The Plessey Company Ltd. announce 
that arrangements have now been com- 
pleted whereby Messrs. Amplion (1932) 
Ltd. are appointed distributors to the 
wholesale and retail trade for the sale 
of the comprehensive range of Plessey 
radio and television components. 


The Canadian Broadcasting Corpora- 
tion has selected Vancouver as the site 
for its fourth television station, and has 
ordered complete transmitter, studio and 
mobile broadcasting equipment from 
Marconi’s Wireless Telegraph Co. Ltd., 
through the Canadian Marconi Com- 
pany. The station will be ready to go 
on the air by the end of this year. 

The British Standards Institution are 
now accommodated in their new premises 
at 2 Park Street, London, W.1. (Tele- 
phone Mayfair 9000.) 

and Nuffield 


The Royal Society 
Foundation Commonwealth Bursaries 
Scheme. The objective of the scheme 
is to provide facilities for increasing the 
efficiency of investigators by enabling 
them to pursue research, learn tech- 
niques or follow other forms of study 
where either or both the physical and 
personal environment overseas in the 
Commonwealth is peculiarly favourable. 
The main difference between this scheme 
and the ordinary research fellowship is 
not merely one of duration but of 
emphasis as the bursaries will aim not 
so much at obtaining the answer to a 
particular question as at improving the 
powers of the recipient to extend the 
bounds of knowledge. Each bursary will 
provide for the cost of travel and main- 
tenance normally for periods of two to 
twelve months. The applicant must be 
sponsored by a _ recognized research 
authority and must produce evidence that 
he or de has prior permission to work 
in the laboratory or other scientific insti- 
tution chosen. It is proposed initially to 
consider applications at  six-monthly 
intervals beginning early in 1954. Appli- 
cation forms containing further details 
will be obtainable from the Assistant 
Secretary, The Royal Society, Burlington 
House, Piccadilly, London, W.1, and 
must be submitted not later than 15 
March and 15 September in each year, 


Wild-Barfield Electric Furnaces Ltd. 
are again extending an invitation to 
senior students of technical colleges and 
similar institutions to visit their works 
during the coming winter season from 
October to May. The tours include an 
inspection of their Research and Develop- 
ment Departments as well as the pro- 
duction side and will take place during 
the afternoon of any week day. Those 
wishing to take advantage of this facility 
should apply to the Publicity Manager, 
Elecfurn Works, Watford By-Pass, Wat- 
ford, Herts. 
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Seventh Electronics Course at Harwell. 
The Atomic Energy Research Establish- 
ment at Harwell is to hold its seventh 
specialized course on the design, use and 
maintenance of electronic instruments 
used in nuclear physics, radio-chemistrv 
and work with radioisotopes. It will 
take place at the Isotope School from 
Monday, 28 September to Friday, 
2 October. Applications are invited 
from physicists and electronic engineers 
holding a degree, or equivalent qualifica- 
tion. The fee for the course is 12 gns. 
Application forms can be obtained from 
the Electronics Division, A.E.R.E., Har- 
well, Nr. Didcot, Berks. These must 
oe. aera by Friday, 11 September, 


The Ninth Annual National Electronics 
Conference will be held on 28, 29 and 
30 September at the Hotel Sherman, 
Chicago. The technical programme offers 
99 papers covering a broad field of elec- 
tronic research, development and indus- 
trial application and is supplemented 
by over 140 exhibits by manufacturers 
foremost in the electronics field, The 
president of this year’s conference is 
Dr. J. D. Ryder of the University of 
Illinois. 


Meetings. The British Institution of 
Radio Engineers is holding a meeting 
on 30 September at 6.30 p.m. at the 
London School of Hygiene and Tropical 
Medicine, Keppel Street, London, W.C.1. 
Dr. D. A. Bell will lecture on “The 
Impact of Communication Theory on 
Television ”. 

The Electro-Physiological Technolo- 
gists’ Association is holding a General 
Meeting at the Burden Neurological In- 
stitute. Stoke Lane, Stapleton, Bristol, on 
Saturday, 19 September. at 10.30 a.m. 
There will be papers and demonstrations 
of interest to electro-physiologists and 
those interested in the application of 
electronic methods to statistics. | Non- 
members are welcome at this meeting 
and should write to Mr. G. Johnson. the 
Honorary Secretary, at Hurstwood Park 
Hospital, Haywards Heath, Sussex. 


The Television Society will exhibit 
their 405 line experimental transmitter 
which is being installed at the Norwood 
Technical College later this year for 
educational purposes and for the use of 
members wishing to gain experience on 
ultra short-wave reception. The vision 
carrier is 427Mc/s and the sound carrier 
423.5Mc/s. An adaptor for reception on 
standard television receivers will also be 
shown. 


Errata. Since we received the original 
information on the Bryan Savage V.L.F. 
Amplifier as published on p. 266 of the 
June, 1953, issue. we have now been 
informed by W. Bryan Savage Ltd. that 
the range has been extended as follows: 


Originally As now supplied 
Frequency response 
at 1000 watts 10c/s-1000c/s 6c/s-2000c/s 
Maximum permissible 
output into zero 
power factor load 350VA 400VA 
400 








PUBLICATIONS 
RECEIVED 


SELECTED PROBLEMS IN THE PREPARA- 
TION, gag AND ae OF 
MATERIALS FOR RADIO PURPOSES is the 
twenty-fifth the: report on ae research and 
has been produced by the Radio Materials Com- 
mittee of the Radio Research Board of the 
Department of Scientific and Industrial Research. 
It is based on the work of several groups of 
experts who have studied the present state of 
knowledge of ceramics, organic polymeric di- 
electrics, magnetic materials and semi conductors. 
The report is divided into sections dealing with 
these materials, each section outlining existing 
knowledge and stating the research problems 
which most urgently need attention if the 
material is to be fully exploited for radio pur- 
poses. The report is published by Her Majesty’s 
so Ba Office, price Is. 6d. 

WIGGIN NICKEL ALLOYS NO. 19 contains 
material of general interest to electrical and 
mechanical engineers including articles on pump- 
ing problems, furnace belts, industrial immersion 
heaters, diesel engine efficiency, recording ther- 
mometers and = dispensing. A description 
of the Fawley Petroleum Refinery with statistical 
data is also included. Copies of this journal may 
be obtained from Henry Wiggin & Co. Ltd., 
Wiggin Street, Birmingham. 

THE PETROLEUM INFORMATION BUREAU 
have published a list of their range of literature 
now available. This explains in non-technical 
language what is involved in the search for crude 
oil, its production, transportation and refining. 
The Petroleum Information Bureau, 29 New Bond 
Street, London, AS 

EVERSHED ELECTRONIC REPEATER, Publi- 
cation No. 266, describes the range of electronic 
repeater equipment made by Evershed & Vignoles 
Ltd., and gives examples of its various uses. 
EVERSHED “DU R’’ HANDBOOK, Publi- 
cation No. 269, describes the Evershed ‘*Ducter’’ 
Low Resistance Test Set, printed in pocket book 
size, giving full details of its operation and 
examples of its uses. Evershed & Vignoles Limited, 
Acton Lane Works, Chiswick, London, W.4. 


TEMPERATURE TESTING WITH THERMO- 
COLOR and THERMOCRON are two booklets 
describing temperature indicating paints and 
crayons recently introduced by Allied Colloids 
(Bradford) Ltd. These products are applied in 
the form of a paint with industrial methylated 
Spirits and give accurate indication of thermal 
zones under observation. The Thermocolors are 
particularly useful for non-destructive material 
testing and for control work in industry generally, 


wherever heat distribution fae a problem. 
Allied Colloids (Bradford) reat St. 
Thomas Apostle, Queen Street, London, E.C.4. 


CODES DIMENSIONS AND WEIGHTS OF 
RECTIFIER STACKS gives the dimensions and 
weights of SenTerCel spindle mounted rectifier 
stacks. It deals primarily with standard stacks 
and contains a complete explanation of the 
coding system which is used to describe them. 
Standard Telephones and Cables Limited, Recti- 
al Division, Warwick Road, Boreham Wood, 
erts. 

ENGINEERING EDUCATION IN THE REGION 
describes the engineering education in technical 
institutes and colleges and university colleges in 
London and the Home Counties. Copies of this 
booklet may be obtained from the Secretary, 
Regional Advisory Council for Higher Technolo- 
gical Education, Tavistock House South, Tavis- 
tock Square, London, W.C.1, price Is. 

rege ON RESEARCH WORK IN THE CITY 


ND GUILDS COLLEGE describes the research 
caged out in the Departments of Aeronautics, 


Chemical Engineering and Applied Chemistry, 
Civil, Electrical, Mechanical Engineering and 
Mathematics from 1946-51. Imperial college, 


South Kensington, London, S.W.7. 


THE GRADUATE IN THE G.E.C. is a booklet 
giving details of the graduate’s prospects with 
this company and the facilities for training and 
experience. The General Electric Co. Ltd., 
Magnet House, Kingsway, London, W.C.2. 
rey Catal ecue OF BOOKS ON ELECTRI- 
AL ENGINEERING, RADIO AND ELEC- 
TRONICS includes the titles of works issued by 
various publishers. The catalogue has been pro- 
duced by H. K. Lewis & Co. Ltd., 136 Gower 
Street, London, W.C.1, and orders for any of 
= publications listed should be placed through 
them. 
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POLYTAGS...lead-through 
and stand-off insulators 


Polytetrafluoroethylene (P.T.F.E.) is an outstanding insulator. It is tough, durable and will 
not crack or arc. Its dielectric properties are substantially constant over a frequency range of 
60 c.p.s. to at least 300 Mc.p.s. and are unaffected by temperature changes between minus 100°C. 
and plus 288°C. It has zero moisture absorption and is water repellent. It is, therefore, a most 
suitable material for stand-off and feed-through insulator terminals and has been chosen 
by Ediswan for this purpose. Ediswan Polytags are available in five types as illustrated below. 





A B c 


PT | & 2. Lead-through (PTI 780 | 3758 


| PT2 | .875 | .50O | .188 
| PT3 | .563 375 ~_ 
PT4 688 ~—.500 ~ 
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Fixing: Polytags are primarily designed for fixing with a 5 B.A, nut—PT 1—4 or an 8 B.A. nut PT 5.They are self-tapping. 


We are equipped to produce components fabricated or moulded in 
P.T.F.E. to individual specifications and enquiries will be welcomed. 


EDISWAN 


Ei xX 


THE EDISON SWAN ELECTRIC CoO., LTD., 


Sales Department P.T.F.E.4, 21 Bruton Street, London, W.1. Telephone: Mayfair 5543 ER24 
Head Office: 155 Charing Cross Road, London, W.C.2. Member of the A.E.. Group of Companies 
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Marcont |. HE 
Test Set 
‘T 'y pe TF 982 











For Mobile Transceivers 


For the overall checking of a.m. transmitters and receivers, particularly of 
the mobile type, the Test Set is primarily a v.h.f./i.f. signal generator with 
1,000 c/s modulation facilities; it may also be used as an a.f. and r.f. power 
meter, a variable-level a.f. source, an r.f. local field detector and a five-range 
a.c./d.c. test meter. 

The signal generator section provides four v.h.f. ranges covering from 60 to 
200 Mc/s and four i.f. ranges, each having a bandwidth of 250 kc/s, centred 
at 1.6, 2.1, 4.86 and 5.0 Mc/s respectively. Facilities are provided for 
crystal standardisation at the centre frequency of each if. range. The 
v.h.f./i.f. output is derived via a step attenuator and terminating unit giving 
calibrated outputs from 24V 
to 2 mV at 52 and 75 ohms; 
uncalibrated outputs up to a 
maximum of 400 mV are also 


available. 





MARCONI instRuMENTsS 


Signal Generators + Bridges + Valve Voltmeters + Q. Meters + Wavemeters 
Frequency Standards + Wave Analysers + Beat Frequency Oscillators 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS - TELEPHONE: ST. ALBANS 6161/7 


Midland Office: 19 The Parade, Leamington Spa Northern Office: 30 Albion Street, Kingston-upon-Hull 
Export Office : Marconi House, Strand, London, W.C 2 
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It’s 


small — 


yet 


completely 


*. 


RELIABLE 


The illustration shows the 5 amp 
fuse unit, and indicates the small 
and compact dimensions which 
render them ideally suitable for 
use in instruments where interior 
space is very restricted. Where 
vibration is experienced, the 
Slydlok positive contacts ensure 
perfect continuity. Cable con- 
nections available for every 
requirement and adaptable for 
the use of cartridge or neutral 
links. 


DISK 


THE VIBRATION PROOF FUSE 


Write for full details of this EDWARD 
and other fuses in the leox 
Slydiok range. 
& CO, LTD. 
WYTHENSHAWE MANCHESTER 


Telephone 
Telegrams 


WYThenshawe 2235/6/7 
“ $iveiou™ Manchester 
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. Safety’s 
sake 
—Cromaloy V 








Accuracy when working conditions are 
plain sailing is one thing, but resistance wire is 
only worth its salt when it maintains the same 
durability and precision in constant usage and 
possibly under abnormal temperatures, no 
matter how superfine the gauge. 


It is then that electrical and electronic 
engineers can look with confidence to Cromaloy 
V products, which. embody more than 30 years 
experience of experimentation, progress and 
perfection in the manufacture of fine guage 
nickel-chrome resistance wire. 


(romatoy V 


(80/20°%,) 
NICKEL-CHROME 


RESISTANCE WIRE 


dm AS 61 
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PlLEC TRON ENGINEERING SEPTE 
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Do not miss this wondertu! cpportunity to listen to 
your records as they should be heard—of seeing. 
hearing and choosing under expert guidance from 
Goodmans range of Axiom High Fidelity and Audiom 


RADIO SHOW 


straight to our stand and book your seat 


EARLS COURT Sept. 1-12 


STAND No. 87 


Purchase Tax has been removed from 12-inch speakers. 


APPLICATIONS 


are invited for invitations to our demonstration 
which will take place at the following times; A.M.:— 
11.30. P.M.:—12.15, 2.00, 2.45, 3.30 4.15, 6.00. 


6.45, 7.30 and 9.30. Please state day and time you 
wish to attend. 


good quality Commercial Loudspeakers. To avoid H D E M 0 N § T R A T I 0 N § 
disappointment, apply in writing as below, or come | 
i 
# 
t 
8 
3 
i | 
4 
| 
& 
f 
a 
4 
a 


Make sure of your seat by booking NOW 





GOODMANS 


GOODMANS INDUSTRIES Ltd., 


7 
Axiom Works, Wembley, Middx. Tel.: Wembley 1200 
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from every 
point of view 





Frequentite is the most suitable insulating material for all high frequency 
applications. Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office: Stourport-on-Severn, Worcestershire. Telephone: Stourport I! t. Telegrams: Steatain, Stourport 





S.P.67 
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Fine wires in telecommunication & electronic equipment 


need 





the only vitalised pure vostn coved Solder 








ACTOL is the only fast-working cored solder residue of maximum insulation resistance. 
which is chlorine free. Its pure rosin flux is A.LD. approved. In all standard tin/lead 
vitalised by an exclusive process to increase its alloys, 10-22 s.w.g. : 

wetting power without altering its chemical Please send for a sample of ACTOL or ask one 
properties ; it contains no additive. Further- of our technical advisers to call. 

more, ACTOL has the unique Enthoven stellate Perfect joints in precision instruments and 


delicate components need ACTOL, the only 





core for rapid solder wall collapse and faultless 


fluxing. ACTOL leaves a hard, non-corrosive vitalised pure rosin cored solder. 





Developed and manufactured at the Enthoven Solder Factory 


MARKETED BY ENTHOVEN SOLDERS LTD., 89 UPPER THAMES $TREET, LONDON, E.C.4 


Telephone : MANsion House 4533 
E.3426 
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Who isn’t on the 
right programme? 














Are you? The frequency with which you 
send scrap from your works is vitally important — 
because roughly half this country’s supplies of new 
steel are made from scrap. Factories like yours 
are among the main sources of the raw material 
needed in the steel-works. These sources must 
not be allowed to dry up. 

Obsolete machines and equipment, redundant 
buildings, in fact everything made from iron and 
steel which has outlived its effective purpose — 
all this is scrap and should be sent off to your local 
scrap merchant as soon as possible. 

Search your works for it and turn it in. You 
will be doing yourselves a great service. 





VISIT STAND Noh. 
at the National Radio and Television Exhibition, 
Earls Court, Sept. 1-12 — and see what STEEL 
is doing to help the national effort. 














Issued for the STEEL SCRAP DRIVE by the British Iron and Steel Federation and the 
National Federation of Scrap Iron, Steel and Metal Merchants. i 
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Industrial High Voltage Equipment 


Industrial concerns having applications for high voltage 
techniques in production, testing and design are invited to 
write to our Technical Department for information on our 


latest developments. 











The illustration shows a 1-40KV breakdown tester which has been designed 


and manufactured by Hivolt Limited for the use of the British Armed Services. 


A civilian version of this equipment 1s available. 


ERP er 


34a POTTERY LANE, LONDON, W.II 
Telephone: Park 6955 & 5237 
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High quality material and 
dimensional precision are attributes 
of Bullers die-pressed products. 
Prompt delivery at competitive 
prices. 


LL EEL an 





















We specialise in the manufacture of 
PORCELAIN 
for general insulation 


REFRACTORIES 
for high temperature insulation 


FREQUELEX 
for high frequency insulation 


PERMALEX & TEMPLEX 
for capacitors 


~ BULLERS LIMITED © 








BLIOA 
























































Porcelain Works : Sales Office : Iron Works : 
MILTON, 6, LAURENCE POUNTNEY HILL, TIPTON, 
STOKE-ON-TRENT LONDON, E.C.4 STAFFORDSHIRE 
Stoke-on-Trent 5164 MANsion House 9971 Tipton 1691 
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MAGNETIC MATERIALS Extensive research and 
manufacturing facilities have established Mullard as the leading 
producers of magnetic materials. They were the first, for example, to 
introduce Ferroxcube, the world’s most efficient magnetic ferrite; 
‘ Ticonal’ anisotropic permanent magnets, renowned for their high 
stability and high energy output; and Magnadur, an entirely new 
type of permanent magnet with the insulating properties of a ceramic. 

The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a team 
of specialised engineers at your disposal. 


Mullard 


*TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
PERMANENT MAGNETS - FERROXCUBE MAGNETIC CORE MATERIAL 


MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2,. 
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The Complete 


ISOTOPE RANGE 


of Standard 


NUCLEONIC 
EQUIPMENT 


SCINTILLATION 
COUNTER HEAD 
TYPE No. 653 


SCALER 
TYPE No. 500 


PRESCALER 
TYPE No. 501 


WIDE BAND 
» AMPLIFIER & 
DISCRIMINATOR 
TYPE No. 652 


E.H.T. 
SUPPLY UNIT 
No. 532 


RATEMETER 
TYPE No. 550 


QUENCH 
AMPLIFIER UNIT 
TYPE No. 660 








All Isotope units are designed in standard rack 
panels and can be supplied in cabinets or 
with dust covers for extended rack mounting. 


db ha 





{20 MOORGATE - LONDON 
Telephone: METropol 9641 (5 lines) 
Midland Agent: HAWNT & CO. LTD. 59 MOOR ST., BIRMINGHAM 4 


Northern Agent: A. M. LOCK & CO. LTD. CROMPTON ST., CHADDERTON, 
Oldham, Lancs 


E.C.2 
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Designed to meet the 

demand for Egen reliability within 
the smallest possible compass, these 
exceptionally small carbon potentiometers 

(%” diameter) retain all the desirable features of 
their standard-size counterparts. The special 
Egen carbon deposition process 

ensures a highly stable resistance element 
of extreme durability. 

Double-contact rotor provides firm 
balanced contact with exceptional freedom 
from wear and noise. Positively located 
soldering tags, silver plated for easy 
soldering. All steel parts rustproofed. 
Standard resistance 
values available, 
from 5000 ohms 

to 2 megohms. 


Type 105 is identical 
to Type 115 except 
that a 2-pole Q.M.B. 
switch is 
incorporated. 


PRE-SET RESISTORS 

» A wire-wound pre-set 
resistor for panel or 
chassis mounting 


_For use in Deaf Aids and other 
miniature electronic apparatus 


EGEN ELECTRIC LTD., 
CHARFLEET INDUSTRIAL 


TYPE 105 


SUB-MINIATURE VOLUME CONTROLS 



























Export enquiries welcomed 


POTENTIOMETERS 








ESTATE, CANVEY ISLAND, ESSEX ¢ PHONE: 


SEPTEMBER 


CANVEY 691-2 


1953 
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AIR-SPAGED ARTICULATED 


CABLES 


offer a unique combination of 
UW FRACTIONAL CAPACITANCE 
WY HIGH IMPEDANCE 


W MINIMUM ATTENUATION 
ALONG WITH 
W EXCEPTIONAL FLEXIBILITY 


&/ LIGHT WEIGHT 


38 STOCK TYPES 


FOR ANY OF YOUR STANDARD 
OR SPECIAL APPLICATIONS 


A few of the very low capacitance types are: 




















Type No. Capacit. wu F/ft.| Impedance ohms O.D. 
C.44 4.1 252 1.03” 
C.4 4.6 229 1.03” 
G33 4.8 220 0.64” 
G4 5.4 197 0.64” 
C.23 5.5 184 ‘0.44” 
C.2 6.3 171 0.44” 
C.11 6.3 173 0.36” 
C.% 7:3 150 0.36” 








//7¥’\ 
TRANSRADIO 


Sky w 


CONTRACTORS TO 
H.M. GOVERNMENT 


| 


138, GROMWELL ROAD, LONDON, S.W.7— 
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This outstanding ‘* Standard ’’ V.H.F. Attenu- 
ator now in its second year of production 
remains the first and only accurate instrument 
of its kind and continues to meet a heavy 





demand from leading organisations and 
authorities the world over. 
Four models now available 
Characteristic Impedance | 75 ohms | 50 ohms 








0-9 db in | db steps 


SR rs oral il 
| Type 74600-A | Type 74600-E 
0-90 db in 10 db steps 


| Type 74600-B | Type 74600-F 











All types will handle inputs up to 0.25 watts 


Accuracy of D.C. adjustment 


0-9 db Models: The insertion loss error will not 
exceed +0.05 db for any setting. 

0-90 db Models: The insertion loss error for the 
90 db setting will not exceed +0.3 db. For other 
settings this limit falls linearly to a value of +0.06 db 
at the 10 db setting. 


High frequency performance 


0-9 db Models : At 50 Mc/s the insertion loss error 
for the 9 db setting will not exceed +0.15 db. For 
other settings this limit falls linearly to a value of 
+0.05 db for the | db setting. 

0-90 db Models : At 50 Mc/s the insertion loss error 
will not exceed +0.1 db per step. N.B. All insertion 
loss errors are relative to zero db setting. 


Ready for Building into your own equipment. [Calibra- 
tion charts for frequencies up to 100 Mc/s for the 0-9 db 
models or 65 Mc/s for the 0.90 db models can be supplied 
on request. 


Standard Telephones and Cables Limited 


Registered Office: Conntught House, Aldwych, London, W.C.2. 
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.16 
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EFFICIENT 
LUBRICATION 
—40° F 

to 


1000° F 





ANTI-SCUFFING PASTE 


(APPROVED UNDER D.T.D. 900/4284) 
ALREADY IN PRODUCTION USE FOR: 


Testing Machine Jaws. 

Holding bolts and studs of steam and gas 
turbines, furnace controls, etc.—entirely 
prevents galling and seizing. 

Conveyor chains and cables operating in 
high temperature ovens. 

High-speed drills and cutting tools—applied 
to cutting edge to prolong tool life. 

Die casting mould lubricant. 


Life-time lubricant in instrument assemblies. 
AND MANY OTHER PURPOSES 


Full details sent on request. 


RAGOSINE 


OIL CO. LTD. 


IBEX HOUSE, MINORIES, LONDON, €E.C.3. 
MINERVA WORKS, WOODLESFORD, NR. LEEDS, YORKS 
n.d.h, 21341. 
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CLeciittal 
STAMPINGS 
SGREENS 


For Quality 
in the Core 


and efficient Screening 


MEA productions in all grades 


of Silicon and Nickel Iron Alloys re- 
main unequalled. An extensive 
range of standard tooling running 
into hundreds of patterns paces 
progress in the ever-expand- 
ing field of Electronics. 


Your requirements, stan- 
dard or special, will 

receive immediate 
attention. 


Please address enquiries 
to our registered office:— Dept. EH/K 





MEA 


For Service to Science and Industry 
throughout the field of Electronics 


MAGNETIC & ELECTRICAL ALLOYS LTD. 


Regd. Office: 101-3, Baker St., LONDON, W.1. Welbeck 3381/2 
Works: Burnbank, Hamilton, Lanarkshire. Hamilton 932/3/4 
MANCHESTER: 33 Byrom St., Deansgate. Blackfriars 5223. 
BIRMINGHAM: 12 Westwood Road, Sutton Coldfield. Streetly 78586. 
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EDDYSTONE 
RADIO ENGINEER 
OF SURPASSING EXCEL 


N 
L 





MODEL ‘680X’ MODEL ‘750’ 
COMMUNICATION RECEIVER COMMUNICATION RECEIVER 
@ Five switched ranges @ Variable selectivity @ Double superheterodyne @ Separate gain controls 
@ Fifteen valves @ Crystal filter @ Eleven valves @ Long linear scales 
@ Two r.f. stages @ “S” meter @ High sensitivity @ Mechanical bandspread 
@ Two i.f. stages @ Push-pull output @ Variable selectivity @ Robust construction 
@ Separate oscillator @ Polychromatic finish @ Freedom from images @ Chrome handles 
LIST PRICE IN U.K. £106 : 0: 0 LIST PRICE IN U.K. £68 : 0: 0 
(exempt from Purchase Tax) (exempt from Purchase Tax) 
Please write for full specification to the manufacturers :— 





\ STRATTON & CO. LTD., EDDYSTONE WORKS, BIRMINGHAM, 31 



















This transducer is intended 
for the remote indication 
and measurement of static 
pressures in the range of 
0 - 25 to 0 - 4000 Ibs/in?. 
It consists of a Bourdon Tube 
operating a miniature potentio- 
meter through a linkage mech- 
anism. 


Please write for full details. 





LANGHAM THOMPSON LTD 


Springland Laboratories 


HERTFORDSHIRE 








Pkene: BEUS*MUEY DEATH 2431 BUSHEY HEATH 
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You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 
a new form of resilient packing, ensures 
perfect protection because it is moulded to fit 
the shape of the product exactly. It can be 
moulded as hard.or as light as required and 
will withstand any shock load including low 
frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is “Received jn Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 





IDDESLEIGH HOUSE, CAXTON STREET, 


dell 
=" ice. 






x 


The shape 
of things 


¥y 


to GQ.... 


% 


LONDON, S.W.1. 





TELEPHONE: ABBEY 6722. 
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In thirty years and more we 
have designed and -made a 
lot of springs—good springs 
from the best materials 
available. Now we really 
feel we have springs at our 
finger tips, and there isn’t 
much we don’t know about 
them. Don’t you think all 
that experience would be 
useful to you? 


ESTABLISHED 1919 A.D, APPROVED 





Y LEAVE /7 TQ 
CUTS 


of. OF REDDITCH 











The Lewis Spring Co. Ltd., 


(Springs, Spring Clips, Presswork, Wire 
Forms). 


Resilient Works, Redditch. 
Tel. : Redditch 720/1/2 


London Office : 321 High Holborn, W.C.1 


Tel. : Holborn 7479 and 7470 
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PRESSINGS « FABRICATIONS 


METER COVERS 
Aanan_q,. &a _ | 


The items illustrated show 
only a few of the electrical 
components manufactured 
by us for the electrical 
trade in our self-contained 
factory. We manufacture 
our own Press Tools ; 
Fabrications, Spinnings, As- 
semblies, and are able to 
undertake all kinds of metal 
finishes. 


IMPELLERS - LAMINATIONS 


Economically 
ADAMS BROS. & BURNLEY LTD. 


Elmgrove Road « Harrow « Middlesex pro duced with 
Telephone : Harrow 6411 (5 lines) Multi-tool set up 
INSTRUMENT PANELS MOTOR HOUSINGS |. MICROPHONE COMPONENTS 





Sensitive 


VALVE 
VOLTMETER 


TYPE 614 








: 
measures A.C. voltages 


: 
fa few hundred microvolts up to 30 voits 


between 10 c/s and 100 kc/s 


Ga ranges: 3 mV FSD and upwards. | 


Technical data from: DAWE INSTRUMENTS LTD., Instrument Division 
130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 - EALING 6215 
or from your Regional Agent 














Midlands North of England Cheshire Scotland West of England | Northern Ireland 

Hawnt & Co., Lted.,| A.C. Farnell, Led., F. C. Robinson & Prtnrs., Land, Speight & Co., A. H. Radford, A.M.1.E.E., James Lowden & Co. 
59, Moor Street, 1S, Park Place, 287, Deansgate, 73, Robertson Street, 4, Acraman’s Road, 11 Middlepath Street, 
Birmingham, 4 Leeds, ! Manchester, 3 Glasgow, C.2 | Bristol, 3 Belfast, 

Central 6871 Leeds 32958 Deansgate 6601 Central 1082 Bristol 64300 Belfast 57518 
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Silentbloc mountings protect instrument panels and sensitive 
apparatus from vibration and shock. Easily fitted, they are 
available in several designs for loads ranging between a few 
ounces and 60 Ib. 










This Engine Protection Panel (left) manufactured by Teddington 
Industrial Equipment Ltd., for Davey Paxman Ltd., is insulated 
from vibration by Silentbloc instrument mountings of the type 
illustrated right. Two of the mountings can be seen in their 
brackets at the base of the panel 





B.B.C. Outside Broadcasting Amplifier 
removed from its case to show sub-chassis 
wiring. Four Silentbloc ‘‘ Bonded Stud” 
type mountings are fitted in each ampli- 
fier unit. 


Below: Bonded stud mountings for shear 
is up to 12/b. Rubber is bonded to 
metal studs 





DETAILS ON REQUEST TO 





SILENTBLOC LIMITED VICTORIA GARDENS LONDON WII TEL: PARK 9821 


Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 


















Routine Factory testing of Mumetal 
toroidal cores. 












Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 











MAGNETIC ALLOYS — Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 

RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 

SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


TELCON The Telegraph Construction & Maintenance Co. Ltd 


Head Office: 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 


Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 
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UNBEATABLE ?! 


For mechanical and electro-magnetic counters, we 
offer an unbeatable service to satisfy your 
particular problem. Your 

enquiry is invited. 







Full details of the counters 
illustrated are available on request. 


(7 COUNTING INSTRUMENTS LTD. ¢y 


5, ELSTREE WAY, BOREHAM WOOD, HERTFORDSHIRE Telephone: ELSTREE 1382-3-4. 









JOSEPH SANKEY & SONS LTD 
BILSTON STAFFORDSHIRE 









London Office 
168 REGENT ST. LONDON W.1 


an 


Europe’s largest 





























manufacturers of 








laminations 
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The problem of Murer constant Voltage! 





Users of industrial and scientific electrical equipment 
that is normally sensitive to voltage fluctuations are 
constantly faced with the problem of maintaining a 
constant supply voltage. 

Experienced engineers in well-planned organisations 
throughout the world solve this problem by install- 
ing BERCO/B.P.T. ““On-Load” Voltage Regulating 





Equipment. 
>. 
May we send you further information and perform- 
ance details? Please write for booklet 5081. Single phase 
Regavolt”’ hand operated 
Applications include induction heating equipment, voltage regulator. 


electric furnace control, radio and scientific equipment, X-ray and electro- 
medical apparatus, meter testing equipment and all electric or electronic 
equipment for which a constant supply voltage is essential. 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
fon A Jphase, BRITISH POWER TRANSFORMER CO. LTD. 


floor mounting 
cubicle t ily 
ton ware na _ Queensway - Ponders End - Middlesex 


fi ¥ ° 
wenaay napeiater Telephone : HOWard 1492 Telegrams : ‘‘ Vitrohm, Enfield’ 





BR/BPSO81/TH 





% THe ratestn A/GH SPEED RECORDING 


Instantly.... 
...the "So, 






Accurate and iin- “~%S ° 
stantaneous and % 
with fixed stylus! “ey, 


* With this unique method, “4 

there are no problems of lag or and 
attenuation. All wave forms, including square 

waves, are accuratelyand immediately reproduced 

— even thousands of cycles per second — and 

all with the utmost simplicity. 


Compare this with time-consuming and 
costly photo-records ! 


Write for information to: 


"INNES LTD 
DOBBIE M g BROOMLOAN ROAD, GLASGOW, SCOTLAND. 
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Nickel Alloys of extreme purity soc vases ao ane 











MEETING PRECISELY YOUR MANUFACTURING PROBLEMS 


The production of cathode nickels, gridnic wires, valve and lamp support wires and plates has to meet 
the most stringent requirements. We have long experience of the peculiar problems involved and our 
advice is always available. (You may, for instance, like to hear more about our alloys for glass-metal seals.) 


THE GREATEST NAME IN 


BRITISH DRIVER-HARRIS COMPANY LTD. — mancuester 15 
“THE ELECTRICAL ALLOY DATA BOOK” Copies free on request 


ELECTRICAL RESISTANCE 


















m.CYGNET 


LABORATORY FURNITURE 


“CYGNET”’ Benches, with heat and acid-resisting 
tops; Racks, Fume Cupboards, Cabinets and 
Shelving are made in a large range of standard 
units or to specification. Complete installations or 
single pieces for Electronic, Chemical, Phys- 
ical and other laboratories at keen prices. 











Recent contracts include installations for : 


Scottish Oils Limited 
University of Sheffield 
British Nylon Spinners, Pontypool 
Revertex Limited, Harlow, Essex 
De Havilland Aircraft Company 
University of Manchester 
Ferranti Limited, Edinburgh’ 














Experience enables us to recommend 
“‘FIBROLENE” chemical-resistant flooring for 
laboratories. Send for full details now. 


CYGNET JOINERY LIMITED, sicher swAN LANE, BOLTON. Botton 1240/4 
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with thirty-five years’ experience 
in the production of the world’s finest 
record playing equipment introduce 


So 2 WEW MODUS 


An entirely new super 3-speed automatic Record Changer 
providing a number of additional features including 
speed control and manual playing. Fully tropicalised, this 
new automatic Record Changer is the finest 
instrument of its kind ever produced. 





R.C. 110. 


Zs This 3-speed automatic Record Changer has 
Stand 103 B= been designed to occupy a minimum of 
cabinet space. Low in cost, it maintains the 
NATIONAL RADIO Garrard reputation for quality and reliability. 
& TELEVISION : We are very proud of this newcomer to the 
EXHIBITION , . Be, Garrard family of high prestige instruments. 
EARLS COURT “ ool 


i 





THE GARRARD ENGINEERING 
& MANUFACTURING CO. LTD., SWINDON, WILTS. 
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INSULATED 
WIRES 


EUREKA & VACROM 


REGD. REGD. 
(CUPRO-NICKEL) (NICKEL-CHROME) 

‘ Eureka’ (Regd.) and ‘ Vacrom’ (Regd.) Resistance Wires can be supplied BARE or 
with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 
These wires have been used for many years for winding resistances for instruments, 
control apparatus, etc. : 
‘ Eureka’ with its low temperature coefficient is always in demand for precision work, 
while Nickel-Chromes are used where a high resistance is required in a limited space. 

Full details gladly supplied upon request 


THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 


AND SMITHS, LIMITED 75 ST.SIMON STREET, 
LEYTON, LONDON, E.10. SALFORD 3,LANCS. 





KELVIN HUGHES 


Four pen dynamic Strain Recorders 


Employing four pick-off devices and recording their output simultan- 
eously, the Kelvin Hughes Strain Recorder gives valuable information on 
the behaviour of a structure or a machine under conditions of dynamic 
The equipment comprises three Units. loading. Resistance wire strain gauges, capacitance-change and induct- 
The Oscillators and Power Supply Unit, ance-change devices such as accelerometer pick-up systems may be used 
the Bridge and Amplifier Unit, and independently in each channel. Sensitivity is such that full-scale deflect- 
that shown, the Recording Unit. ion for a 200 pF capacity pick-up is given for a change of approximately 
1 pF, while with a 2000 ohms resistance gauge, full-scale deflection is 
obtained for about 0.006% change of resistance. Single channel in- 


KE struments are also available. 
KELVIN HUGHES PRECISION INSTRUMENTS 
7 


Why not write for further details? 
KELVIN & HUGHES (INDUSTRIAL) LIMITED, 2, CAXTON STREET, LONDON, S.W.1 
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SELENIUM 
&G.C: RECTIEIERS 


Full particulars of the G.E.C. 
range of Selenium! Rectifiers 
are available on application 
to your nearest G.E.C. 
Branch; E.S. &V. Depart- 
ment, Magnet House, Kings- 
way, London, W.C.2: or 
the address below : 


LOW FIRST COST MAXIMUM STABILITY LONG LIFE 
HIGH EFFICIENCY YW NO MAINTENANCE COOL RUNNING 


SALFORD ELECTRICAL INSTRUMENTS LTD: SALFORD 3:LANCS 


ELECTRIC CO. LTD. OF ENGLAND. 











ELECTRONIC ENGINEERING 70 SEEPTEMBER 1953 SEP7 



























by using a 
VISUAL NULL INDICATOR 





No more headphones ! No more guessing ! 
Here is a Visual null indicator for A.C. Bridge 
work. Highly sensitive—very robust to 
withstand considerable overload — avoids 
acoustic shock. Operates on A.C. mains. 


RANGE 40 c/s to 20 kc/s 
Elegant e@ Portable 


BA N yy 


for 
leaflet 


Ell4 

















INSTRUMENT COMPANY LTD. 
DARTFORD, KENT e TEL. Dartford 2948/9 & 2940 

















High quality atvaenray 
recording instruments 


* Trolley or ‘table’ mount 
* Visual or recording 


e 
° 





%* Pick-ups for measuring 
Pressure, Force,. Vibration, | 
Acceleration, etc. : 


MEiS single-channel recorder 


Please write for New Catalog 


with built-in camera 


SOUTHERN INSTRUMENTS LIMITED 
HAWLEY * CAMBERLEY * SURREY 


Telephone: Camberley 1883-4. Telegraphic Address: ‘* Minrak, Camberley, England” 
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You may not keep Boffins in your files 
against a sudden need for extra technical 
assistance, but you have them handy, all 
the same. A letter, or even a phone call, 
will summon them at once. 

Nash and Thompson have, for more 
than ten years, been rendering a service 
to manufacturers who occasionally need 
technological help. Because Nash and 
Thompson have been consulted by so 
many manufacturers they have a wide 
experience of the unusual problem. The 
staff is fully qualified in chemistry, physics, 
electronics and production engineering, 
and their service covers :— Designing and 
making instruments for special purposes, 
Consultancy on scientific problems, Funda- 
mental research, Making-up of prototypes 
and mock-ups, Precision manufacture of 
small components, Routine analysis of 
materials. 





Nash and Thompson 


Limited The service is fully described in a booklet which also 
catalogues a standard range of instruments. A copy 
Oakcroft Road, Tolworth, Surrey. ELMbridge 5252 __ will be sent on request. 


















STEATITE 





... for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


WILLIAM SUGG & COMPANY LIMITED 
RANELAGH WORKS, CHAPTER STREET, WESTMINSTER, S.W.I. ViCtoria 321 
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Crystal Coating with Final adjustment 
=—in one cycle £ 4 


The model 12QE is a 
new EDWARDS high 
production unit for 
the deposition of high 
frequency crysta! elect- 
rodes by vacuum coating. 





Outstanding advantages 
include.... 


- high deposition rate and 
ease of control with final 
adjustment of crystal already 
base coated or the complete 
coating and final adjustment 
in one cycle 





. - frequency measurements 
can be taken at any time 
during the coating 


+ a unique turret head 
carries a number of crystals 





Model 12E, the basic unit of the 





(left) 





120E in the form suitable for 

the production of coated optics, which are rotated into 

front surface mirrors, etc. calibrated position by an 
(inset) 12QE turret head with cover externally controlled drive. 


removed from work chamber. 





Jor better vacupm service...W. EDWARDS 


& CO. (LONDON) LTD. 
LOWER SYDENHAM. LONDON. S.E.26. 





TELEPHONE : SYDENHAM 7026 (8 LINES) TELEGRAMS: EOCOHIVAC, SOUPHONE, LONDON 








OF STEVENAGE 


—the first name for 
CLOSE-LIMIT 


TEMPERATURE 
& HUMIDITY 
CONTROL 


Comprehensive technical data 
gladly forwarded on request. 


Most types now available for 
PROMPT DELIVERY 


ELECTRO METHODS LTD. (Division TC 1), CAXTON WAY, STEVENAGE, HERTS 
PHONE: STEVENAGE 780 
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include cases, racks and desks 

in the new additions to their 
standard fabricated metal cabinets, 
which together with the 

established range offer a more 
comprehensive selection. 

Of course the same special standard 
of workmanship and finish are 

to be seen and in addition we now ) 
offer all our products at new 


LOWER PRICES 





ALFRED IMHOF LTD., 112-116 NEW OXFORD ST., LONDON, W.C.1. MUS 7878 













WORLD RADIO 
‘fF AND ELECTRONICS 


STAFF VACANCIES 


Since these advertisements have been appearing, 
several progressive-minded engineers have joined the 





Redifon organisation. Our markets are expanding so 
quickly, however, that vacancies still exist, and 
radio engineers with an eye to the future are invited 
to write in confidence to : Chief Engineer, 


REDIFON LTD., BROOMHILL RD., LONDON, S.W.18 


REDIFON — THE COMPANY WITH A FUTURE 
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Electrical Standards for Research and Industry 
Testing and Measuring Apparatus for Communication Engineering 


Unapproached throughout 
the world for design 
and accuracy 


WAVEMETERS 
OSCILLATORS 
CONDENSERS 


INDUCTANCES 


H. W. SULLIVAN RESISTANCES 


LIMITED 
LONDON, S.E.1I5 BRIDGES ——Gpomm 
Telephone: New Cross 3225 (P.B.X.) Resistance 











HELICAL MEMBRANE 
COAXIAL CABLES 


The Helical Membrane cable was developed primarily for radio-frequency 
applications to provide a highly efficient construction which would not 
have the same frequency limitations as disc-spaced cables. The insulation 
is comprised of a thin Telcothene* tape spirally wound edge-on around the 
inner conductor. A practical method of achieving this basic form of the 
insulation was sought unsuccessfully for many years until Telcon succeeded 
in overcoming the difficulties involved. In the practical form which has 
been realised, the effective permittivity is as low as that of any commercial 
form of disc-spaced cable whilst tests indicate that an extremely high 
degree of uniformity has been achieved. In combination with an aluminium 
sheath as an outer conductor and a watertight covering, it has electrical 
characteristics closely approaching the optimum and yet is mechanically 
robust and reliable. 
Please ask for publicction HM/2 


* Telcothene (Regd.) is polythene processed by Telcon to provide specific characteristics. 


TELCON Ait Y cables 


G THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 





Head Office: 22 Old Broad St., London, #E.C.2. Tel:: LONdon Wall 7104 
aang to: Telcon Works, Greenwich, S.E.10. Tel: GREenwich 3291 
Branch Office: 43, Fountain Street, Manchester 2. Tel: CENtral 0758 





Manufactured in accordance 
_ with Patent.No. 627815 


_—_ 
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Engineering, Marine 
and Welding Exhibition a 


| @ Davrbow Whitney 


selection from our range 
of equipment at the 


Engineering, Marine and 
Olympia’ 3rd. to 17th for PROCESS HEATING EQUIPMENT 


September, Stand No. 9, 


Row C, Grand Hali 6 wy 
’ . % 


are the approved equipment for Damp Heat 
Tests to Specifications RCS11, K114, etc. They 
are extensively used by Government Depart- 
ments and leading Electronic Manufacturers 
at home and overseas. 


Tropical chambers up to 9 feet cube have also 
been developed. Our technicians have a wealth 
of experience on humidity problems, which 
they are happy to place at your disposal. 














*B-W’ also make: 
VACUUM IMPREGNATION PLANTS 
OVENS AND FURNACES 
WAX POTS AND KETTLES, etc. 


BARLOW-WHITNEY LTD., 
COOMBE ROAD, NEASDEN LANE, LONDON, N.W.10 
Telephone: GLAdstone 1152 


Branch Factory: BLETCHLEY, BUCKS. 
London Office: 2 DORSET SQUARE, N.W.1. Teleph : AMB dor 5485 


POWER ror inoustrya researcH 


KILOWATT (Savage) AMPLIFIER 


MARK I 


(very : +AYOIO FREQUENCY? (ow RADIO FREQUENCY? WATTS 
1000 
900 
800 
709 
600 


















1000 
900 


700 
600 


soo 500 
400 400 
300 300 
200 200 


100 
° 


100 





: vw anewmes Oy s & 3 $s F 5 5 H E H 3 : 
FREQUENCY-C/S 


APPLICATIONS: VIBRATION TESTING ¢ TRANSFORMER TESTING 
e Variable Frequency POWER SUPPLY for SYNCHRONOUS MOTORS 
and TEST GEAR ¢ RADIO REDIFFUSION. 


Users include: Bristol Aeroplane Co.; British Broadcasting Corporation; The Brush 
Electrical Engineering Co. Ltd.; English Electric Co. Ltd.; Ferranti Ltd.; G.E.C.; G.P.O.; 
Handley Page Ltd.; Mullard Radio Valve Co., Ltd.; National Physical Laboratory; 
R.A.E., Farnborough; Siemens Bros. & Co., Ltd.; Sperry Gyroscope & Co., Ltd.; S.T.C.; 
Vickers-Armstrong. 


sk SEND FOR W. BRYAN SAVAGE LTD 


FULL DETAILS Westmoreland Road - London, N.W. 9 ° Telephone: Colindale 7131 
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Back panel 
outer shell 


Breaker strip 





Tube entry 











Hinge screws 
Door latch 


Tongue plate 
and screws 


‘PRESTIK’ 


SEALING STRIP 


points to | 
perfect sealing © 


A special grade of ‘PRESTIK’ has been developed | 





auf WN 












for refrigerator sealing following ‘PRESTIK’S’ 
successful usage in many branches of the 
electrical industry, e.g. radio apparatus, 
washing machines and switchboxes. | 


“PRESTIK’ provides an easy and efficient means 
of sealing against moisture; itis non-corrosive | 
and withstands extremes of temperature. 


*PRESTIK’ and ‘BOSTIK’ together can provide 
the answers to your adhesive and sealing prob- 
lems. Call the ‘BostIK’ man for advice on the 
manner in which ‘PRESTIK’ and ‘BOSTIK’ pro- 
ducts can help you. 








manufactured by the sole proprietors: 


B.B. CHEMICAL CO. LTD 


ULVERSCROFT ROAD, LEICESTER 





ace a 





THE ENGLISH ELECTRIC 
Company Limited 


have vacancies 
for the following staff in the Electronic Department 
at LUTON :— 


(a) SENIOR MICROWAVE ENGINEERS at a 
salary up to £1,000 p.a. 

Applicants should have had _ considerable 
design and/or engineering experience of micro- 
wave systems and associated equipment. 
Ref. 1160. 


(b) ELECTRONIC ENGINEERS at a salary up 
to £750 p.a. 

Duties include the engineering of circuitry 
already developed and involve clase liaison with 
and progressing of work through the drawing 
office and production department. Applicants 
with ‘experience of engineering of radar and/or 
aircraft electronics for production will be 
especially welcome. Ref. 1071A. 


ELECTRONIC TRIALS ENGINEERS at a 
salary of up to £750 p.a. 

Applicants should have experience of high 
frequency communication equipment and be pre- 
pared to accept responsibility for its installation 
and subsequent trial at locations in U.K. other 
than Luton. Ref. 456N. 


(c 


_— 


(d) ELECTRONIC TRIALS ASSISTANTS at a 
salary up to £12 per week. 

These assistants will be formed into teams 
under the leadership of electronic trials engineers 
(see above) and will be required to assist in the 
installation and subsequent trial of H.F. 


communication equipment. Ref. 456P. 


~— 


(ce) ELECTRONIC LABORATORY ASSISTANTS 
at a salary up to £10 per week. 
Applicants should have either experience of : 


(i) The preparation of radar equipment for field 
trials for which a sound basic knowledge of 
radar circuitry is essential and special 
knowledge of radar equipment, AA No. 3, 
Mk. 7, would be advantageous. 


or (ii) The preparation of information for drawing 
office and production department from 
circuit diagrams. Ref. 1066C. 


Applications should be sent to: Dept. C.P.S. 
336/7 STRAND . F LONDON . W.C.2 


quoting appropriate reference. 
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ELECT RONIC EQuipm ENT | 








Specialists in Prototype and 
Production Electronic Equipment. 
Expert advice is available for 
problems calling for “One or two 
off” jobs upto quantity orders. _ 
We will prepare to customers’ speci- 
fications or design complete units. 
Applications are wide and varied but 
some interesting recent developments 
include Electronic Timers for auto- 
matically compensating load- 
shedding effects on welding plant. 
Demagnetizers for pin machines. 
Electronic noise detectors. 

Metal detection devices for the Food 
Industry. 

Photographic high-speed flash units. 










EVANS 
ELECTRONIC 
DEVELOPMENTS 
LIMITED 












Evonic Works, 
Birchfield Road, 
Birmingham 19. 


Tel. NORthern 0792 











Miniature bearings 


TO ALL SIZES AND 
SPECIFICATIONS 





cs eset SSI 
DE MARK 
/ 


FBC™~/ 


ALL-BRITISH 
BALL & PARALLEL / 
ROLLER BEARINGS / 
fe) FISCHER 


/ f " / 
| FISCHER BEARINGS CO. LTO., 
/ WOLVERHAMPTON 
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DEVELOPMENT ENGINEERS, 
SENIOR AND JUNIOR 





Senior Engineers with initiative and 
sound technical background are required 
for work on a wide range of projects 
covering the Television, Radio and 
Communications field. Permanent posts 
| are available for men able to carry respon- 
| sibility in rapidly expanding departments 

offering exceptional promotion and long 
term prospects. 


Junior Engineers of ability are invited 

to apply for interesting work on Develop- 

ment Projects offering a wide experience 

in Communications and Test Equipment 

Development with excellent prospects for 

advancement. 
The Laboratories are well equipped and the working con- 
ditions excellent. Successful applicants will be eligible for 
the Company’s Pension Scheme. Housing assistance con- 
sidered. Applications giving full particulars as to age, 
qualifications and experience etc. in writing, to: 


Employment Manager 


FERGUSON RADIO CORPORATION LTD. 
GREAT CAMBRIDGE ROAD., ENFIELD, MIDDLESEX 








X-RAY TARGETS WITH OR WITHOUT 
CAST-ON COPPER BODY. 
ROTATING ANODES. 


MOLYBDENUM TUBES AND OTHER 
MOLYBDENUM COMPONENTS 
TUNGSTEN RODS AND_THREE-PIECE LEAD 
WIRES FOR TUNGSTEN TO GLASS SEALS 
TUNGSTEN WELDING ELECTRODES FOR INERT 
' GAS ARC WELDING 
} TUNGSTEN CONTACT RIVETS AND SCREWs 


ELECTRO-ALLOYS, 
12, BRUNEL RD., LONDON, W33. 
Makers of TUNGSTEN and MOLYBDENUM Products 
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MAGNETIC RELAYS 


Built to your 
Specification 





TYPES 3000 and 600 
HIGH SPEED and A.C. to 400 VOLTS 


UNISELECTOR 
SWITCHES 


From 3 to 8 Bank — All Resistances 





KEY SWITCHES 


Several types 
in stock 





ADAAAAAAAAAAAAAAA 


) JACK DAVIS (revays) LTD. $| 
§ 36 PERCY STREET * LONDON : W.I § 
§ § 


MUSEUM 7960 LANGHAM 4821 
BPEPMPUPUAPPUAAAAUAA10V— 
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| SCALAMP 
| ELECTROSTATIC 
| VOLTMETER 






This instrument intro- 
duces a completely new 
4. conceptioh of electrostatic 
i voltmeter. It is compact, 
ortable and robust, and does not 
require critical levelling or special 
mounting. The movement has 
a taut suspension, is critically 
damped, and readings can be 
taken with rapidity and ease. 
Three models are available: 
Cat. No. E.E. 11308 
1-5 kV A.C. D.C. 
Cat. No. E.E. 11309 
3-10 kV A.C. D.C, 
Cat. No. E.E. 11310 
5-18 kV D.C. and 
5-12 kV A.C, R.MLS, 


& 






Cat. No. 
b.B. 11310 


DIRECT READING. 
ZERO CURRENT 
DRAIN. 


LAMP OPERATES 
FROM MAINS OR 
4 VOLT BATTERY. 

BRIGHT SPOT- 


AND-HAIRLINE 


1 

i 

1 

i 

i 

i 

H 

THREE SECONDS | 
PERIOD. | 

i 

1 

i 

1 

1 

i 

INDICATOR. | 


Please write for illustrated leaflet. 


SCIENTIFIC PE INSTRUMENTS 


W. G. PYE & CO. LTD., GRANTA WORKS. CAMBRIDGE 
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CO-AXIAL 
RELAYS 


@ The Relay illustrated is 
fitted with American J.A.N. 
design connectors (which can 
be supplied separately). 


@ Co-axial relays are also made A 
with many other types of 
connectors. 


@ Relays fitted with 1.S.C. type 
connectors have Services Type 
and Reference Numbers. 


Write for leaflets to :- 


BESSON & ROBINSON LTD. 


CONTRACTORS 1.0 M.0.&. A.1.0. APPREA VED 


6, GOVERNMENT BLDGS., KIDBROOKE PARK RD., LONDON, S,E.3 
TELEPHONE : LEE GREEN 8541-5. 





SPURS 
SPIRALS 
BEVELS 


8-100 D.P. 


STATION ROAD 
BROOKMANS PARK,HERTS. 


Tel:- HATFIELD 3130 
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In six grades from soft to rock hard, and four qualities 
from medium grey to superfine, high-quality white, our 
range of polishing bobs includes the ideal wheel for every 
class of work. Send to-day for our free, illustrated 


brochure. 


Please send all enquiries to Head Office and Works: 


COOPER & CO. (B’ham) Ltd. 


BRYNMAWR, BRECONSHIRE 
Tel.: Brynmawr 312 


Registered Office & Works: Little King Street, Birmingham, 19 








Telegrams: Felting Brynmawr 


SYNTHETIC RESIN LAMINATED 
MATERIALS 
Sheet, Rod and Tube in all 


dimensions, Bobbins & Coil 
Formers to any specification 


MICA AND MICANITE SHEET 
AND MANUFACTURED PARTS 


VALVE BRIDGES AND 
CONDENSER PLATES 

















MICA & MICANITE SUPPLIES L"’ 


BARNSBURY SQUARE, LONDON,N.1. 


elephone. NORTH 3 gran MICASULIM-LONDON 





HYDRAULICALLY FORMED 


} . . » + pn int 
DY a proces unique In dates count! 





| A compression spring 
* capable of repeated flexing 


2, A container which can be 
* hermetically sealed 


3, A packless gland 


Combining the 
properties of: 


for Automatic coolant regulation: Movement for pressure change: 
Packless gland to seal spindle in high vacua: Reservoir to accept liquid 
expansion: Dashpot or delay device: Barometric measurement or control: 

urised couplings where vibration or movement is present: Dust seal 
to prevent ingress of dirt: Pressure reducing valves: Hydraulic trans- 
mission: Distance thermostatic control: Low torque flexible coupling: 
Pressure sealed rocking movement: Pressurised rotating shaft seals: 
Aircraft pressurised cabin control: Refrigeration expansion valves: 
Thermostatic Steam Traps: Pressure amplifiers: Differential pressure 
measurements: Thermostatic operation of louvre or damper. 


Write for List No. M. 800-1 BI2 


Drayton METAL BELLOWS 


Drayton Regulator and Instrument Co. Ltd., West Drayton, Middx. 




















Quantity production of Il automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and ting equipment, and telecommunication apparatus. 


pe 





GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 
Tel.: 20981/8._Grams.: “ Bray, Leeds 2” 
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POWER SUPPLY UNITS 


PRICES REDUCED 








SERIES 100 
DC Output, Stabilised, 200-350V 120mA and continuously 
variable. 
AC Output, Unstabilised 0-4-6.3V 3.0A. 
100A Bench Model, as illustrated £53 
1OOAR Rack Mounting Model £54 


Delivery ex-stock. 


Available with negative bias supply at £58 and £59 


Power Supply Units and other special electronic equipment 
made to customers’ specifications. 


Pamphlet and full particulars from 


WARVEY ELECTRONICS LTD. 


Precision Mechanical and Electrical Engineers 
273, Farnborough Road, Farnborough, Hampshire. 
Telephone: FARNBOROUGH 1120 





INTERFERENCE 
| SUPPRESSION 


ADVISORY SERVICE 
SUPPLY OF EQUIPMENT 


FREQUENCY RANGE 
100 KCS.-500 MCS. 


SINGLE AND MULTI-PHASE 
UP TO 100 AMPS. 


G. A. PRIECHENFRIED 
AND ASSOCIATES 


4 LAMMAS PARK GARDENS - LONDON W. 5 
EALING 4869 


CONTRACTORS TO H.M. GOVERNMENT DEPTS. 








Y 
on = always distinguish 
astle" Engineerin, 
, 1g Com, 
by their Outstand) —" 


; ME qualiti 
and high Precision Pr 

















4 
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Licht; 
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H 
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Brochure on request 


eebee devin 







The 


CASTLE ENGINEERING 


Company (Nottingham) Ltd. A 


Boulevard - Nottinghom 
\ Telegrams: “Copstan Noringhow 


Haslam Street * Castle 
Telephone Nottingham 46068 (3iines! 


L 42344 
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DONOVAN 

ACCESSORIES 
for the 

ah tee te), Iie 


APPARATUS 
MANUFACTURER 


Type A.11 A.C. POWER 
RELAY—4-pole with N.O. 
or N.C. contacts. 





TYPE J.% 
TERMINAL BLOCKS 














Type C.30 PUSH BUTTON UNIT 
arranged for mounting on 
customers’ own cover plate. 


_ Made in 15, 30 and 
60 amp. sizes. 









ELECTRICAL CO. LTD. 
Birmingham, 9. 


THE DONOVAN 
Safuse Works Stechford 
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REDUCE YOUR 
PRESS TOOL COSTS 











THE HUNTON UNIVERSAL BOISTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESSES 











Bolster Frame with 
2 adjustable gauges 
and insertable steel 
holders for Dies 
t in. to 33 in. bore 
diameter. 






Yj, Two Punch Holders 
yy, with detachable 
yf positive-action 
7, Strippers take the 
“ complete range of 
Punches 4 in. to 
37 in. diameter. 





Equip your Press with the 
Hunton Outfit and use inexpensive r p 

standardised Punches and Dies } in. to 3} in. diameter 
obtainable from stock—in j, in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in. long), Corner 
Notching, Corner Radiusing, Angle lron Notching and Piercing, etc. 
Get the outfit now—Buy Punches, Dies and tools as you need 

them 
Descriptive brochure and prices on request. 


HUNTON LIMITED 
Phoenix Works, 114-116, Euston Road, London, N.WI. 


Telephone: Euston 1477 Telegrams: Untonexh, London 











TRAY STORAGE 
FOR THE INDUSTRY 


Self build tray Storage units from only 
five basic components. Three sizes of trays 
available. Units erected in minutes. 





Write for details of RECEPTORAK and 
other RANDALL PRODUCTS or when 
in town call at Showrooms. 


RANDALRAK LTD., 


(Dept. E.E.) 106 VICTORIA STREET, LONDON, S.W.I. 
Telephone : ViCtoria 3485-4238 





| 








ELECTRIC 
SOLDERING IRONS 





Solons save time, reduce costs. 
Solon soldering is always clean, reliable, and 
simple. Five models, in voltage range !00- 
250, each with 6 feet: Henley flexible. 65 
watt—oval tapered or round pencil bits. 125 
watt—oval tapered or round pencil bits. 240 
watt—oval tapered bit. 


Write for Folder Y.19 


W.T. HENLEY’S TELEGRAPH WORKS CO.LTD. 
51-53 HATTON GARDEN, LONDON, E.C.1. 





















TYPE 
APPROVED 
CAT. A. 
NO. 464 





AIR DIELECTRIC TRIMMER 
(Protected by Acetate Case) 
Capacities from 4 to 70pF in voltages of 500 and 
1000 D.C. Width 16.5 mm. Length 22 mm. 


Acetate dust cover optional. Insulation over 
10,000 megohms. Power factor less than *001 


OXRENY( 


DEVELOPMENTS CO. LTD. 
ULVERSTON, NORTH LANCS. - TEL.: ULVERSTON 3306 
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Specialists in 
INSTRUMENT 
PRESSINGS 


At The Hampton Works we 
prove that there are un- 
limited possibilities with 

presswork—especially in 
the production of small 
parts for the Electronic 
and Electrical industries. 
Our claim as master 
craftsmen in pressings 
is your assurance of 
complete _ satisfac- 
tion. Every order is 
handled with ex- 
treme care and 
given prompt 
attention. We 
welcome * your 
enquiry. 


© 

























INFORMATION 
THEORY 


and its 


Engineering Applications 


By D. A. Bell, M.A., B.Sc.(Oxon.), 
M.LE.E.; Reader in Electromagnetism 
in the University of Birmingham. 


A guide to the theory on which modern 
developments in telecommunications and 
automatic control systems are based. The 
author gives the results of the latest work 
in this field and discusses its practical 
applications. Difficult mathematical 
proofs are avoided, and the book is 
suitable for telecommunications engin- 
eers and students at an Honours degree 
level in physics or electrical engineering. 
20/- net. 





wr HAM PTON Werte 


TAM PINGS) LIMtEEO 


PITMAN 


Parker St., Kingsway, London, W.C.2 


PERT 


TWYNING ROAD, STIRCHLEY, BIRMINGHAM. ENGLAND 


KINgs Norton 2901 ne Grams Radia 





FIXED CONDENSERS BROOKES (iystals 











OF ALL TYPES 












mean 
Both Paper & Mica DEPENDABLE 
Large stocks available frequency 
for immediate delivery. control 


Illustrated left is a Type M 
Crystal unit from a range 
covering 8 Mc's to 17 Mc/s. 


Your specific enquiries, 
giving full details, will 


e@ Frequency 12,500 kc/s. 

e Hermetically sealed metal 
can. 

e Frequency tolerance + 
0.01% of nominal at 
20°C., or better for special 
applications. 


receive immediate 
attention. Our prices 


show substantial savings. 





All Brookes Crystals are made to exacting standards and 
close tolerances. They are available with a variety of bases 
and in a wide range of frequencies. There is a Brookes 
Crystal to suit your purpose—let us have your enquiry now. 









CLAUDE LYONS LTD. aan Brookes Crystals Ltd., 


pe Suppliers to Ministry of Supply, Home Office, etc. 
Electrical & Radio Laboratory Apparatus Ve J) 10 STOCKWELL ST., GREENWICH, LONDON, S.E.10 


BR 00 KES Telephone : GREenwich 1828 
180 Tottenham Court Rd., London, W.1. Tel. MUSeum 3025 Grams: Xtals Green London. Cables: Xtals London 
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M TO HEAVY WORK 


TYPE 7! 


TRIGGER-FEED SOLDERGUN 
The Wolf Type 5! with its trigger 








EXTRA HEAVY WORK 


TYPE 8! 





SOLDERING IRONS 


* Also available with straight handles 
and heat deflecting skirt. Ask for 
models 22 and 32. 


Wolf 


ELECTRIC SOLDERGUNS 


AND SOLDERING IRONS 
WOLF ELECTRIC TOOLS LTD. 


PIONEER WORKS, HANGER LANE, LONDON, W.5 
Telephone ; PERiwale 5631-4 A 









TYPE 4! 


BRANCHES BIRMINGHAM "MANCHESTER “LEEDS BRISTOL GLASGOW 








SCREENED 
CONNECTORS 


for cables of 0.2’ to 1.03”0.D. 
Single and multi-way types. 
Special types fitted with coupling rings. 
Cable joining connectors. 
U.S. Type Connectors as illustrated. 














CABLE CODE 
0.D. sche NO. 
0.41” Straight plug Gp.071 
0.25” Reducing adaptor RD.07/05 
0.2” Reducing adaptor RD.07/03 

fits on ) 

page oh Elbow plug adaptor Lp.071 

vp.071 } 

fits on || Bulkhead (Junction) vp.071 

Gp.071 adaptor 

Lv.071 ) P 

fits on ) 

Gp.071 -| Chassis receptacle cp.071 

Lp.071 ) | 








Other Transradio specialised products: 
CO-AX air-spaced articulated 
Very Low Loss Cables. 
Microdual Two-speed Precision Drives. 


138A CROMWELL ROAD, LONDON, SW7, ENGLAND 
Telephone: FREmantle 4421 (P.B.X.) 
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TRANSRADIO i: 





which gives complete 
details of the wide 


range of resistance 






materials including 
stainless 


which we draw 


steel 


into wire as fine 









as .0005” ee The akS Ad. 


TO? ~ 2 eonlgam 
WIRES 
Manufactured by GILBY-BRUNTON LTD. 


Head Office & Works: Seamill, Musselburgh, Scotland. 
Musselburgh 2369. 


London Office: 47, Whitehall, S.W.1. 


WHitehall 6058. 








Dept. E.E. 


18 TOTTENHAM 
COURT ROAD, 
LONDON, W.|I. 
Tel.: MUSeum 2453/4539 


. 
WN 
REL wvsfid 
Late ALEC DAVIS SUPPLIES LTD. 


RELAYS 


D.C. COIL RESISTANCE 
3,000 TYPES : 1.9Q to 80,0000 
600 TYPES : 0.4N to 9,200. 
ALSO LARGE STOCKS OF 
DOUBLE & TRIPLEWOUND 
AND SLUGGED COILS. 
CONTACTS 
3,000 TYPES : up to 8 sets. 
600 or 3,000 600 TYPES : up to 4 sets. 
TYP ’ 3,000 TYPES: Make (M), Break (B), 
in Twin - silver, Twin - platinum, 


e Dome-silver (2 amp.), Tungsten 
(5 amp.), and Flat-silver (8 amp.). 
Change-over (C), in all but 
Tungsten; Make-Before-Break (K), in 
Twin-silver and Twin-platinum. 


600 TYPES: (M), (B) and (C), in 
Twin-silver and Twin-platinum. 


SPECIAL 

High resistance slugged coils (up to 
10,000 OHMS with I” slug) now 
available. 


Business Hours: 
Monday-Friday 9—5.30 
Saturday 9—I! 
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“PENLAB 320” Insulating Sleeving y/ RADIO, 
(Complies with AM Specn. DTD-320) e TELEVISION 


4, |, 14, 2, 3,4, 5, 6, 7,8, 9, 10, Zand 4mm. bore. AND ELECTRONICS 
14 different diameters : 4 different colours always LEARN THE PRACTICAL WAY 


carried IN STOCK. Special sizes (to 30mm.) Inst ti d Equi i 
and other colours to order. Price list on request. ns PUG fon an quipmen 
Here at last is the only real way of making home study 

really successful. Specially 
| prepared equipment, 

LEONARD HEYS, Limited which remains your 
Faraday House, Henry Street, Blackpool, Lancs. property, is supplied 
thus combining 
theory and practice 
in the correct educa- 


TECHNICAL BOOKS | | Witte comets 


be forcareer, hobby 
or general interest, 




















H. K. LEWIS & Co. Ltd. invite inspection of 
their stock of books on all branches of Radio 














and Electrical Engineering. | Catalogue on request. here is a most 
LENDING LIBRARY: Technical and Scientific. efficient method 
Annual Subscription from TWENTY-FIVE SHILLINGS for acquiring knowledge. 
Prospectus Post Free on Request. 
THE LIBRARY CATALOGUE revised to December, H POST NOW FOR FREE INFORMATION 
1949, containing a classified Index of Authors and Sub- 1 To: E.M.I. INSTITUTES, Dept. IIx, E.M.I. 


jécts. To subscribers, 17s. 6d. net. To non-subscribers, 

35s. net. Postage Is. 3d. Supplement 1950-52. To 

subscribers, 3s. net. To non-subscribers, 6s. net, 
postage 6d. 


LONDON: H. K. LEWIS & Co. Ltd.,136 Gower St.,W.C.1 


Grove Park Rd., Chiswick, London, W.4. 


INSTITUTES 


The only Postal 
College which is 
part of a world- 
wide Industrial 
Organisation. 











Telephone: EUSton 4282 (7 lines) 1¢20a 


Qainit 


MOULDED 
RUBBERS 








THOS. ALLNUTT & CO. 


Metal Thread and Wood Screws; 

Turned or Pressed Nuts, Plain, 

Shakeproof and Spring Washers 
for all purposes. Wing Nuts. 












SOLDERING TAGS 
AND EYELETS 


LEE CHAPEL LANE 
LANGDON HILLS, Essex 


Telephone: LAINDON 122 

















Years of practical experience 
is applied to your needs in 
industrial rubbers 
when you consult the 
Dainite Technical 
Staff. We welcome . 
your enquiries. moe boone to 


EDGES ALSO RUBBER COVERED 


(THE extreme edges of this 
- clip are rubber 7 yr 
thus fully sh the clip, 
to metal contact and absorbing saatien. It 
ao available either in full circular or saddle 
in nominal pipe diameters from *% in. 
to to 2b in., in flexible steel or aluminium. All 
types of this clip are offered either as a plain 
type or providing electrical contact through a 
metal tongue. Full literature is available on 
request. 




















Department A.O. 
HOWARD CLAYTON-WRIGHT LIMITED 
WELLESBOURNE WARWICKSHIRE 
Phone: Wellesbourne 316/7/8 Grams: Clatonrite Wellesbourne 


The HARBORO’ RUBBER Co. Ltd. | 
MARKET HARBOROUGH Telephone 2274-5 








L4366E | 
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Sees P.V.C. SLEEVINGS 
= INSULATED WIRE 
AND FLEX 


PLASTICABLE L’? | 


(A.1.D. APPROVED) 





a 
——oes 


Hawley Lane, Farnborough 
Hants. 


Phone: it es 
S$ 85 
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INSTRUMENTS FOR ELECTRICAL COMPUTATION AND 
AUTOMATIC CONTROL 


We have in stock :— 

OVER 40 DIFFERENT MAGSLIP TYPES ° IPOTS 

SINE-COSINE RESOLVERS SINE-COSINE POTENTIOMETERS 

SINE WAVE GENERATORS VELODYNE MOTOR GENERATORS 
SELSYNS 


Brochure and prices from:— 


SERVOTRONIC SALES inc. HOPTON RADIO 


No. I, Hopton Parade, Streatham High Road 
London, S.W.16 Tel. : Streatham 6165 





This is our Silver Jubilee Year 








As manufacturers of small components in the field ‘of 


Electronics and Electrical Engineering we have danas | 
ence behind us now “extending over 25 years. We 


specialise in nen: 9 to your own drawings and 


specifications f for which our - tool- -room is fully equipped. 


1928 - 1953 
Thermo-Setting Plastic Mouldings 








ARRISON BRO 


PLASTIC PF iPLASTIC 5) LIMITED | 





H cuentas) 


39-43, BRANSTON S?: BIRMINGHAM 18 


Telephone : Telegrams : 
COLmore 4270 *“ ARISUN, Phone, Birmingham ”’ 


ono a on cialeiiilinaniaelll 
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DRAUGHTSMEN 


experienced in 


RADIO and TELEVISION 
RECEIVER DESIGN 


(and small mechanical details) 


able to prepare drawings for manufacture 
of prototype equipment. Salaries above 
the average. Exceptional prospects for 
men of ability. Well-equipped Drawing 
Offices and good working conditions. 


Successful applicants will be 
eligible for the Company’s 
Pension Scheme. 


Apply in writing to Employment Manager, 


FERGUSON RADIO CORPN. LTD., 


GT. CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. 








CHIEF ELECTRICAL TESTER 


- SUNVIC CONTROLS LIMITED 
Member of the A.E./. Group of Companies 


require for their Harlow Factory, Chief Electrical Tester. 
Wide experience in testing of electrical and electronic 
instruments essential. Suitable housing accommodation 
available. ° 


Writeto— R. LLOYD, SUNVIC CONTROLS LTD., 
No. | Factory, 
Eastern Industrial Estate, 
Harlow New Town, Essex. 


Envelopes to be marked top left-hand corner 
‘* Chief Electrical Tester.”’ 








We Specialise in and have immediate 
Capacity Available for small batch 
production of 
ELECTRONIC APPARATUS 
and for quantity production of 
INSTRUMENT ASSEMBLIES 
GEARS and PINIONS 


PRECISION TURNED PARTS FROM 
SWISS AUTOMATICS 


ROBERT PRINGLE & SONS 
36/42 Clerkenwell Road, London, E.C.| 














Telephone: CLErkenwell 2341 
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“@Q” METER 


TYPE 45 


An accurate and reasonably priced instrument used by 
many large manufacturers in laboratories and on 
production. 
Frequency range 
Capacity range 
““Q”’ range 
Frequency accuracy 
Capacity accuracy 
“*Q” accuracy +5% up: to 18 Mc/s 
A plug is provided to extend on range down to IKc/s 
with an external oscillator. 


PRICE £115 10s. 
SAMWELL & HUTTON 


Electronic Equipment Manufacturers 
DELTA WORKS, 
54, GOODMAYES AVENUE, ILFORD, ESSEX 
Telephone : SEVen Kings 0342 


50 Ke/s—50 Mc/s 
35 4pF—S00 pu pF 
0—300 











If you need 


| 











a small METAL PRESSING 
for your product, why not consult us ? 
« e e 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET BIRMINGHAM 4 











Capacity Available 
Presses to 60 Tons 
High Speed Automatics to | in. dia. 


Milling + Rack and Pinion 


Cutting - Drilling 
Tapping - Enamelling 
Assembly + Toolmaking 


BARLOCK TYPEWRITER COMPANY 
BASFORD NOTTINGHAM 











Is there a bush 


which is fixed in an instant without tools 
yet cannot be dislodged in assembly or 
service conditions ? 


Certainly—the Insuloid ‘Ring-Lock’ Cable 
Bush. It also provides the most efficient 
answer too! Samples and _ literature 
gladly sent. 
APPROVED FOR SERVICE USE 
INSULOID MANUFACTURING Co. Ltd° 


“SHARSTON WORKS, LEESTONE AVENUE 
WYTHENSHAWE, MANCHESTER 





Tel. : Wythenshawe 2842 








FIRE! 


PRODUCTION LOST BUT FOR 


NU-SWIFT ! 


A spark...a flash...fire blazing...dial 999 ! 
But for at least five minutes that blaze 
will be YOURS alone! Reliable Nu-Swift 
is the world’s fastest and most certain 
. fire-killer. 


NU-SWIFT LTD - ELLAND - YORKS 
In Every Ship of the Royal Navy 


Television 
Receiver Design 


Villa. 
With 114 illus. 














I.F. Stages (UITJENS) 
21s. (post 6d.) 


VIIIb. Flywheel Synchronization of 
Saw-Tooth Generators (NEETESON) 


With 137 illus. 21s. (post 6d.) 
Dr. H. BUCKINGHAM e 
and E. M. PRICE Eleectronies 
The book to recommend as a concise, lucid account of basic 


principles and chief applications. 330 pp., 265 illus. 
Handsomely bound. C. H. Elec. Series, IX. 15s. (post 6d.) 


Technical Aspects of Sound 


On a hundred commercial reproduction problems, Dr. E. G- 
RICHARDSON’S great symposium is a valuable authorita- 
tive reference. Vol. I, now out, covers most electronic 
aspects. 550 pp., 294 illus. Elsevier. 70s. post free. 


Transmitting Valves 


HEYBOER is the complete and only reference-book on 
them. 300 pp., 256 illus. Philips. 35s. (post 9d.). 


H 





Philips Technical Library Distributors 
CLEAVER-HUME PRESS LTD. 
London: 42a South ican Street, W.1. 
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“SANOID” FIRST AID 


For over fifty years we have studied and supplied the 
specialised First Aid requirements of Industry. We believe 
our efforts have been of advantage to those we are privileged 
to serve, as on many occasions we have been able to meet the 
particular needs of various industries and conditions. 

May we help 
you? Our wide eornand 
4 éalta 


A PRODUCT 


hacesib 
yer sevice, GAXSOM 

saan a a OLDBURY BIRMINGHAM 
Yalceue "ang FIRST AID SPECIALISTS 
price list. ESTABLISHED 1878 








WE TALK YOUR LANGUAGE 
when itcomes to TRANSFORMERS 


* designed for standard & special applications. 
* built for reliability. 
x* engineered for trouble-free 


operation. 
gpiiler 
— | A 1.0. APPROVED 






TRANSFORMERS BY 








auos eof EXETER RTS WORKS COWICK STREET, EXETER. 





INDUSTRIAL PROBLEMS 


No. 5. CONTROL OF ENGINEERING OPERATIONS BY V.H.F. 
COMMUNICATION, INCLUDING OFFICE TO VEHICLE 
CONTROL. 


ESSENTIAL for Large Engineering Works, Building 
Construction Companies, Transport Companies, 
Public Authorities and many other applications. 
V.H.F. communication gives you instant contact from 
your office to mobile equipment (Cranes, Tractors, 
Lorries), and also personnel within approx. 40 miles 
radius. 

Send for FREE Booklet, showing details and photo- 
graphs of the latest MARCONI V.H.F. equipment. 


For advice on V.H.F. consult:- 


A. C. FARNELL LTD., 15 Park Place, Leeds, |. 
Telephone: Leeds 32958/9. 
(Official Agents for Marconi V.H.F. equipment.) 











*“SSPEARETTE”’ tools AND AIDS 


FOR THE 
MANUFACTURE and SERVICING of ALL TYPES 
of ELECTRONIC EQUIPMENT 
SCREEN CAN TOOLS. 


CRYSTAL HANDLING TOOLS. 
VALVE RETAINING CLIPS. 


PIN ALIGNING TOOLS. 
WIRING JIGS. 
EXTRACTING TOOLS. 


TRIGGA-SNIP WIRE CUTTING INSTRUMENTS 


SPEAR ENGINEERING Co., Ltd., 
WARLINGHAM, SURREY 


Grams: Spearette Warlingham 





Phone: Upper Walingham 2774 




















CATHODE RAY TUBE TRACES 


By H. Moss, Ph.D. 


Price 


10/6 


This monograph is based on a series of articlesYpublished in Electronic 


Engineering and contains in addition, the elementary theory of common 


types of traces with notes on their production. 


Order your copy through your bookseller or direct from 





Electronic Engineering 


STRAND 


28 ESSEX STREET 


w.c. 
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‘Radiospares’ 
Quality Parts 


The 
Service Engineer’s 
First Choice 





TRANSFORMERS 
CHOKES 
SOLENOIDS 
COILS 


@ MADE TO YOUR SPECIFICATION IN ANY 
QUANTITY AT COMPETITIVE PRICES 


@ HIGHEST GRADE MATERIALS AND INSULA- 
TIONS USED 


@ DIE CAST FRAMES OR MOUNTING 
BRACKETS MADE FOR ALL FITTINGS 


Send your enqutries to :- 
W.L.R.S. LTD. 


DELTA HOUSE, 30 FAUCONBERG RD., CHISWICK, W.4 
CHIS. 0384 








L. WILKINSON wNo°'scroar 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 Telegrams : ‘‘ WILCO '? CROYDON 


RELAYS—P.O. TYPE 3,000 
BUILT TO YOUR SPECIFICATION—EARLY DELIVERY 
QUOTATION BY RETURN—PLEASE STATE +. ele 
OF COIL REQUIRED AND CONTACT BUILD UP 
WATERTIGHT CABLE CONNECTORS. 250 volt 5 ange quan- 
tity available, also many other types. 
RACKS. Standard 6ft. P.O. type for I9in. panels, steel channel sides 
correctly drilled, heavy angle base. 
WIRE WOUND RESISTORS. Green Vit 2,000 ohms, 75 watt. 
5,000 in stock, also most other values. 
POTENTIOMETERS. Wire wound and carbon, best makes, 
large stocks, low prices, list available. 
RECTIFIERS METAL. Prompt delivery given for most types, 
send us details of your requirements. 
JACKS. Short bakelite type P73. 1/6 each 
KEY SWITCHES. P.O. type 212. 4000 available. 








We specialize in 


STABILIZED POWER SUPPLIES 


covering all voltages from | volt — 75,000 volts. 


From Stock :— 
CAPACITY BOX. :001 - 999 mfd. Price £15. 





London Stockists :— E.I.C. Meters. 
Special calibration in 14 days. 





Write for full specifications to :— 
Henry A. Patterson & Partners Ltd. 
ELECTRONIC LABORATORY FURNISHERS 
156 High Holborn, LONDON, W.C.I. 
Phone: CHAncery 7717 
and at High Wycombe. Phone: PENN 2334 








INSULATION 


Our products ite 


Presspahn and Leath 

Cable and Red Rope - sow Balen wid Ebeniten apy sed 
Paper and Tapes; Varnished Silks and Tapes ; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings ; Cotton Tapes, Webbings and si leeving; Chatterton 
Compound ; Adhesive and Rubber Tapes. 


PKESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 








aeGiSTERe, 

















SLecraicAy 


ELLSTEA 


\NSULATI On, 








Telephone : 
Bradford 25135 Pvt. Br. Ex.) 


Telegrams & Cables : 
** Presspahn, Bradford’ 












SPECIALISTS IN PACKING 
ELECTRONIC EQUIPMENT 


SYNTHETIC SUPPLIES LTD. 


ALBERT MILLS - SILK STREET 
ECCLES + MANCHESTER 
Telephones ;: ECCles 1720 & 3225/6 


Casemakers and general joinery : Packing and 
Preservation : Shipping and Forwarding Agents: 
Warehousing 


Contractors to the roe Air Ministry, Ministry of Supply 
& G.P.O. Approval No. B23789/40 


























Craftsmen in Small 


Presswork 


RAPID DELIVERY OF SMALL _ PRECISION 
PRESSINGS IN ANY MATERIAL 


ACCURACY GUARANTEED 


MASON & CO. cpressincsy LTD. 


Victory Works, St. George’s Street, 
BIRMINGHAM, 19 


Manufacturers to Electronic and Electrical Trade 





























A HEAVY DUTY Po 2” es 
TILTING ARMATURE —— gg 
A.C. RELAY “| @7ay 


DESIGNED FOR 
RAPID & CONTINUOUS 
OPERATION WITHOUT 


Sc 
€ 
é 
a 
£ 
2. 


=~ 





DETERIORATION. 
HILTON ELECTRIC 
COMPANY , 


52, POOL ST., WOLVERHAMPTON. Phone: 21219 
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Another typical example of the use of 
Murex ‘Sincomax’ Magnets where the 
need is for high magnetic stability and 
efficiency. In this application as in many 
others Murex Sintered Magnets continue to give 
accurate and reliable service. 





MUREX LIMITED 
RAINHAM 
London Sales Office: 


Central House, Upper Woburn Place, W.C.I 


(Powder Metallurgy Division) 
ESSEX * Rainham, Essex 3322 


Euston 8265 
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LEADERSHIP IN CONDENSERS 


Specitied by the lading 
7 Vand Radio Designed 


You will see T.C.C. Condensers on many stands at the Radio Show, 
in fact, they will be in use on the majority of chassis exhibited on set 
manufacturers’ stands—perhaps out of sight, but very much ‘on the job’. 

Ever since 1906—long before radio became a practical proposition 
—T.C.C. Condensers have been in service in a wide variety of 
electronic applications. New types are constantly being developed 
to meet new requirements and the reputation so long 
established is jealously guarded. Specialisation for 47 years 
brings its own reward. 


Visit us on stands DI2 and 107 
THE TELEGRAPH CONDENSER CO. LTD 


RADIO DIVISION - NORTH ACTON - LONDON - W3 - Tel: ACORN 006! 
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JOINT ACHIEVEMENT AT THE RADIO SHOW 


joints soldered with 
ERSIN MULTICORE 


BY OPERATIVES FROM THE PHILIPS 
WORKS ASSEMBLING AND WIRING 
SUB-CHASSIS FOR PROJECTION 
TELEVISION ON THE MULTICORE 
STAND AT THE RADIO SHOW. 


Like other leading radio and_ television 
manufacturers, Philips use ERSIN MULTI- 
CORE SOLDER exclusively. At a_ recent 
test-check, involving over 1,000,000 hand-made 
soldered joints, it was found that rejects 
numbered less than seven-thousandths of one 
per cent. 

Philips choose ERSIN MULTICORE SOLDER 
because it is the only solder containing 3 cores 
of extra-active, non-corrosive Ersin Flux which 
ensures instantaneous melting, guaranteed flux 
continuity and complete freedom from “ dry” 

| «€or H.R. joints. 


TV & SERVICE ENGINEER’S | LB. REEL SIZE ONE CARTON ERSIN MULTICORE SOLDER 
ie q : is made in 4 specifications for Service Engineers. The Size 

economy pack for Serv 10€ Engineers One carton is simple to use—the wire is drawn out through 
and Workshops using fair quantities of a hole in the topand cannot become tangled. 5/- each (subject). 
solder. 1 Ib. reel containing approx- Oeisienee Atay | Approx. leaguh 
imately 167 feet of 18 s.w.g. 50/50 alloy Ref. No. | _Tin/Lead | "7 per carton _ 


packed in an attractive yellow and black S1seie_|_ 60/9 | __ 21 feet 


C1sois | 6040 18 SS feet myer 
carton, cat. ref. R.5018, 15/- each “C1403 4060 | ‘oh 19 feet 


(subject). C14016 4060 _ 28 feet 




















MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. TELEPHONE: BOXMOOR 3636 
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